LOAN  DOCUMENT 


DATE  RETURNED 


JF£1G  QUALITY  dSPBSSSD  4 

20001128  004 

-  y  _ _____ _ 

DATE  RECEIVED  IN  DTIC  REGISTERED  OR  CERTIFIED  NUMBER 


PHOTOGRAPH  THIS  SHEET  AND  RETURN  TO  DTIC-FDAC 


mKJS~70k 


DOCUMENT  PROCESSING  SHEET 

LOAN  DOCUMENT 


mm i  EflffiM  mvii  m>  ml 

STOCK  IS  EXHAUSTED. 


DRAFT 


BIOVENTING  TEST  WORK  PLAN  AND 
INTERIM  RESULTS  REPORT  FOR 
FOUR  BIOVENTING  SITES 
HILL  AIR  FORCE  BASE,  UTAH 


Prepared  For 

Air  Force  Center  for  Environmental  Excellence 
Brooks  AFE^  Texas 

and 

Ogden  Air  Logistics  Center/EMR 
Hill  Air  Force  Base,  Utah 


ES 

Engineering-Science,  Inc.  September  1992 


© 

§ 


(0 

UJ 


1700  BROADWAY,  SUITE  900 
DENVER,  COLORADO  80290 


11/15/00  09:26  FAX 

INUV-ltt— caotJM  1_J  ;  0b 


lmc-oc 


AFCEE 


@003 

703  767  9244  P.02/02 


DEFENSE  TECHNICAL  INFORMATION  CENTER 
REQUEST  FOR  SCIENTIFIC  AND  TECHNICAL  REPORTS 


Titia 


— A£^M£ _ da//*?  g  tl  o// 


1 1  Report  Availability  (Please  check  one  box) 

(S  This  report  Is  available.  Complete  sections  2a  -  2f. 
□  This  report  is  not  available.  Complete  section  3. 


2*.  Number  of 
Copies  Forwarded 


2b.  Forwarding  Date 


2c .  Distribution  Statement  (Please  check  ONE  box) 

DoD  Directive  5230.24,  'Distribution  Statements  on  Technical  Documents. '  16  Mar  67.  contains  seven  distribution  statements  as 
described  briefly  below.  Technical  documents  MUST  be  assigned  a  distribution  Statement. 

DISTRIBUTION  STATEMENT  A:  Approved  for  public  release.  Distribution  is  unlimited. 

□  DISTRIBUTION  STATEMENT  B:  Distribution  authorized  to  U.S.  Government  Agencies  only, 

□  DISTRIBUTION  STATEMENT  C:  Distribution  authorized  to  U.S.  Goysrnment  Agencies  and  their 
contractors. 

□  DISTRIBUTION  STATEMENT  D:  Distribution  authorized  to  U.S.  Department  of  Defense  (DoD)  and  U  S 

DoD  contractors  or?!y.  7 

O  DISTRIBUTION  STATEMENT  E:  Distributor!  authorized  to  U.S,  Department  of  Defense  (DoD) 
components  only,  ‘  '  ' 

□  DISTRIBUTION  STATEMENT  F:  Further  dissemination  only  as  directed  by  the  controlling  DoD  office 

indicated  below  or  by  higher  authority. 

C  P^Tfp^UTiGN  STATEMENT  X:  Distribution  authorized  to  U.S.  Government  agencies  and  orivate 
mavrauals  or  entsrprfess  eligible  to  obtain  export-controlled  technical  data  in  accordance  with  DsD 
Directive  5230.25,  Withholding  of  Unclassified  Technics!  Data  from  Public  Disclosure,  6  Nov  84. 


2d.  Reason  For  the  Above  Distribution  Statement  (in  accordance  with  DnD  Directive  5230.24) 


2f.  Date  of  Distribution  Statement 

Determination 


f 5  No  V 


2e.  Controlling  Office 

„  t-P 

3-  ,tlli  report  Is  HOT  forwarded  for  the  lollovvlnil  reasons.  (P/.,se  cfec,  oppr.jpriv.c  bo*) 

O  It  was  previously  forwarded  to  DTIC  on  . .  (date)  and  the  AD  number  is 

□  It  will  be  published  at  a  later  date.  Enter  approximate  date  if  known. 


JlCCQ 


uililfimmiHHtii 


D  because?31108  WHh  th®  provisfons  of  DoD  Directive  3200.12,  tbs  requested  document  is  not  supplied 


TOTAL  P.0 2 


PARTI 

DRAFT  TEST  WORK  PLAN 
FOR  FOUR  BIOVENTING  SITES 
HILL  AIR  FORCE  BASE,  UTAH 


Prepared  for: 

Air  Force  Center  for  Environmental  Excellence 
Brooks  Air  Force  Base,  Texas 

and 

Ogden  Air  Logistics  Center/EMR 
Hill  Air  Force  Base,  Utah 


by 


Engineering-Science,  Inc. 
1700  Broadway,  Suite  900 
Denver,  Colorado 


September  1992 


A7-4-18 


CONTENTS 


Page 

1.0  Introduction . 1 

2.0  Site  Descriptions . 1 

2.1  Site  204.1 . 1 

2.1.1  Site  Location  and  History . 1 

2.1.2  Site  Geology  and  Extent  of  Contamination . 3 

2.1.3  Initial  Soil  Gas  Characterization . 3 

2.2  Site  214.1 . 3 

2.2.1  Site  Location  and  History . 3 

2.2.2  Site  Geology  and  Extent  of  Contamination . 5 

2.2.3  Initial  Soil  Gas  Characterization . 5 

2.3  Site  228 . 5 

2.3.1  Site  Location  and  History . 5 

2.3.2  Site  Geology  and  Extent  of  Contamination . 7 

2.3.3  Initial  Soil  Gas  Characterization . 7 

2.4  Site  924 . 7 

2.4.1  Site  Location  and  History . 7 

2.4.2  Site  Geology  and  Extent  of  Contamination . 7 

2.4.3  Initial  Soil  Gas  Characterization . 9 

3.0  Site  Specific  Activities . 9 

3.1  Site  204.1 . ; . 11 

3.2  Site  214.1 . 11 

3.3  Site  228 . 13 

3.4  Site  924 . 13 

4.0  Exceptions  to  Protocol  Procedures . 15 

5.0  Base  Support  Requirements . 15 

6.0  Project  Schedule . 16 

7.0  Points  of  Contact . 16 

TABLES 

No.  Title  Page 

2.1  Initial  Soil  Gas  Concentrations  at  Site  924 . 10 


A7-4-20 


CONTENTS  (Continued) 


FIGURES 

No.  Title  Page 

2.1  Site  Plan,  Site  204.1 . 2 

2.2  Site  Plan,  Site  214.1 . 4 

2.3  Site  Plan,  Site  228 . 6 

2.4  Site  Plan,  Site  924 . 8 

3.1  Blower  System  Instrumentation  Diagram  for  Air  Injection . 12 

3.2  Blower  System  Instrumentation  Diagram  for  Air  Extraction . 14 


A7-4-20 


PARTI 


TEST  WORK  PLAN 


1.0  INTRODUCTION 

This  test  work  plan  presents  the  scope  of  in  situ  bioventing  pilot  tests  for 
treatment  of  fuel  and  solvent  contaminated  soils  at  four  sites  on  Hill  Air  Force  Base 
(AFB),  Utah.  The  pilot  tests  have  three  primary  objectives:  1)  to  assess  the 
potential  for  supplying  oxygen  throughout  the  contaminated  soil  depth,  2)  to 
determine  the  rate  at  which  indigenous  microorganisms  will  degrade  fuel  when 
stimulated  by  oxygen  rich  soil  gas,  and  3)  to  evaluate  the  potential  for  sustaining 
these  rates  of  biodegration  until  fuel  contamination  is  remediated  below  regulatory 
standards.  If  bioventing  proves  to  be  feasible  at  these  sites,  pilot  test  data  can  be 
used  to  design  a  full-scale  remediation  system  and  to  estimate  the  time  required  for 
site  cleanup. 

Additional  background  information  on  the  development  and  recent  success  of  the 
bioventing  technology  is  found  in  the  referenced  document  entitled  'Test  Plan  and 
Technical  Protocol  for  a  Field  Treatability  Test  for  Bioventing"  (Hinchee  et.al., 
January  1992).  This  protocol  document  will  also  serve  as  the  primary  reference  for 
detailed  procedures  which  will  be  used  during  the  pilot  test. 

2.0  SITE  DESCRIPTIONS 

2.1  Site  204.1 

2.1.1  Site  Location  and  History 

Site  204.1  is  located  approximately  50  feet  southwest  of  A  Street,  which  runs  from 
northwest  to  southeast  in  the  controlled  area  immediately  west  of  the  flight  line. 
The  site  is  located  on  flat  land  which  is  paved  with  concrete  and  asphalt.  Figure  2.1 
shows  the  location  of  Site  204.1  in  relation  to  A  Street  and  Building  207. 

Two  12,000-gallon  steel  USTs,  formerly  containing  diesel  fuel,  were  removed 
from  the  site  in  October  and  November,  1987.  In  May,  1992,  a  subsurface 
investigation  was  conducted,  which  identified  significant  soil  contamination. 
Groundwater  monitor  well  T-204-1-MW-U-92-HF  was  installed,  and  four  soil 
borings  were  drilled.  A  central  vent  well  (SB204A-04)  was  constructed  in  one  soil 
borehole,  and  vapor  monitoring  points  were  installed  in  three  boreholes  (Figure 
2.1). 
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CENTRAL  VENT  WELL  (AIR  INJECTION) 


2.1.2  Site  Geology  and  Extent  of  Contamination 

Because  the  bioventing  technology  is  applied  to  unsaturated  soils,  this  section 
primarily  addresses  soils  above  the  groundwater  table.  At  Site  204.1,  groundwater  is 
encountered  at  a  depth  of  approximately  150  feet  and  is  not  believed  to  be  affected 
by  contamination  from  the  former  USTs  at  the  site. 

Soils  at  Site  204.1  consist  of  alternating  layers  of  sand,  silty  sand,  and  gravel. 
Bioventing  is  easily  applied  to  these  coarse-grained  soils  because  there  is  more 
available  pore  space  for  soil  gas  flow.  Engineering-Science  has  completed 
successful  bioventing  projects  within  similar  soils,  and  we  are  confident  that  oxygen 
can  be  distributed  in  these  soils.  The  soil  vapor  monitoring  points  will  be  used  to 
examine  the  subsurface  oxygen  distribution  pattern  in  the  different  soil  depths  and 
layers  during  the  pilot  test. 

The  primary  contaminants  on  this  site  are  diesel  fuel  residuals  which  have 
migrated  to  a  depth  of  approximately  60  feet,  and  laterally  to  approximately  10  feet 
in  all  directions.  Soil  sampling  yielded  total  petroleum  hydrocarbon  (TPH) 
concentrations  ranging  from  non-detect  (less  than  5  mg/kg)  to  1,500  mg/kg. 
Benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX)  and  naphthalene  were  also 
detected  at  Site  204.1  (Montgomery,  July  1992a). 

2.1.3  Initial  Soil  Gas  Characterization 

On  June  18,  1992,  initial  soil  gas  analyses  were  conducted  at  SB204A-01  and 
SB204A-02.  Results  are  summarized  on  Figure  2.1.  Carbon  dioxide  was  present  at 
elevated  concentrations  in  all  soil  gas  samples,  and  oxygen  was  at  depleted  levels, 
ranging  from  0  to  9.8  percent,  indicating  the  presence  of  biological  activity  in  the 
soils  and  suggesting  that  bioventing  may  be  a  feasible  technology  for  site 
remediation. 

22  Site  214.1 

2.2.1  Site  Location  and  History 

Site  214.1  is  located  approximately  50  feet  north  of  Building  214  in  the  controlled 
area.  The  site  is  located  on  flat  land  which  is  paved  with  concrete  and  asphalt. 
Figure  2.2  shows  the  location  of  Site  214.1  relative  to  Building  214. 

The  UST  adjacent  to  Building  214  (UST  214.1)  was  removed  and  replaced  in 
December,  1989.  UST  214.1  formerly  contained  Stoddard  solvent,  which  was  used 
as  a  degreaser  in  Building  214.  During  the  removal  process,  a  hole  and  evidence  of 
leakage  were  observed  on  UST  214.1.  A  new  dual-chamber  UST  (214.2  and  214.3) 
was  installed  in  the  excavation  left  by  UST  214.1.  It  currently  stores  new  and  used 
Stoddard  solvent  (Montgomery,  December  1991a). 

A  subsurface  investigation  starting  in  October  1991  identified  soil  contamination 
near  the  UST.  Several  soil  borings  were  drilled,  and  a  central  vent  well  and  two 
vapor  monitoring  points  were  constructed  in  three  of  the  soil  borings  (Figure  2.2). 
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222  Site  Geology  and  Extent  of  Contamination 

The  geology  of  Site  214.1  is  similar  to  that  of  Site  204.1,  and  consists  of  the  same 
coarse-grained  alluvial  deposits.  The  primary  contaminant  at  Site  214.1  appears  to 
be  Stoddard  solvent  which  escaped  from  the  former  UST  214.1.  Stoddard  solvent 
consists  of  C7  through  C\2  hydrocarbons,  predominantly  Cg  through  Cn. 
Chemically,  Stoddard  solvent  is  a  mixture  of  30-50  percent  straight  and  branched 
alkanes,  30-40  percent  cycloalkanes,  and  10-20  percent  aromatics.  All  of  the 
components  of  Stoddard  solvent  are  considered  to  be  biodegradable,  given  the 
proper  environmental  conditions.  Soil  samples  collected  from  native  soils  beneath 
the  former  UST,  at  the  time  of  its  removal,  contained  22,500  and  36,000  mg/kg  of 
TPH  as  Stoddard  solvent.  Contaminated  soils  were  not  removed.  At  SB214A-01, 
TPH  was  detected  at  a  concentration  of  36,200  mg/kg  in  a  sample  collected  from  11 
to  12  feet  below  ground  surface.  Toluene,  ethylbenzene,  and  total  xylenes  were  also 
detected  in  this  sample  at  respective  concentrations  of  1,150  micrograms  per 
kilogram  (/ng/kg),  5,840  /xg/kg,  and  65,800  Mg/kg,  respectively.  No  TPH  or  BTEX 
contamination  was  detected  above  action  levels  in  any  other  samples  collected  from 
the  site.  Thus,  contamination  appears  to  be  limited  to  an  area  within  approximately 
15  feet  of  the  UST  (Montgomery,  December  1991a). 

2 23  Initial  Soil  Gas  Characterization 

On  June  18,  1992,  initial  soil  gas  analyses  were  conducted  at  Site  214.1.  Soil  gas 
could  not  be  extracted  from  SB214A-02  or  SB214A-03  due  to  subsurface  blockage, 
possibly  because  the  vapor  probe  tubing  had  been  squeezed  shut  by  the  weight  of 
the  sand  pack.  Results  from  SB214A-01  are  summarized  on  Figure  2.2.  Oxygen  was 
present  at  9.8  percent  in  the  sample  collected  from  SB214A-01,  which  seems  to 
indicate  that  oxygen  is  already  available  in  site  soils  at  levels  sufficient  to  support 
aerobic  biodegradation  of  fuel  residuals.  However,  the  vent  well  is  screened  to  a 
depth  of  approximately  60  feet  and  contamination  appears  to  be  limited  to  the 
upper  43  feet  of  the  soil  column  based  upon  field  headspace  results.  The  oxygen  in 
the  sample  extracted  from  SB214A-01  is  suspected  to  come  from  deeper  non- 
contaminated  soils,  and  the  upper  15  feet  of  highly  contaminated  soil  could  be 
under  anaerobic  conditions.  Thus,  bioventing  may  be  required  to  remediate  soil  at 
Site  214.1. 

23  Site  228 

2 .3.1  Site  Location  and  History 

Site  228  is  located  approximately  150  feet  east  of  Alhambra  Street,  between 
Buildings  227  and  228  in  the  controlled  area.  The  site  is  located  on  flat  land, 
entirely  paved  with  asphalt.  Figure  2.3  shows  the  location  of  the  site  in  relation  to 
Alhambra  Street,  Building  227,  and  Building  228. 

The  primary  contaminant  at  Site  228  is  JP-4  jet  fuel.  The  source  of 
contamination,  two  25,000-gallon  steel  USTs  between  Buildings  227  and  228,  were 
abandoned  in  place  on  October  22,  1991  by  draining  them  and  filling  them  with 
sand.  The  majority  of  the  soil  contamination  on  the  site  is  thought  to  be  the  result 
of  spills  and  leaks  associated  with  these  USTs. 
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232  Site  Geology  and  Extent  of  Contamination 

The  geology  of  Site  228  is  similar  to  that  of  Sites  204  and  214.1,  and  consists  of 
coarse-grained  alluvial  deposits.  The  response  of  site  soils  to  bioventing  is  expected 
to  be  similar  to  that  of  Sites  204  and  214.1. 

The  primary  contaminant  at  Site  228  is  JP-4  jet  fuel,  which  either  escaped  from 
the  two  abandoned  USTs  or  was  spilled  during  filling  activities.  TPH  was  detected 
in  the  vapor  probe  borehole  at  6,500  mg/kg,  between  28  and  28.5  feet  below  the 
ground  surface.  In  the  vent  well  borehole,  TPH  was  detected  at  a  concentration  of 
5,000  mg/kg  at  27.5  to  28  feet  below  ground  surface.  Naphthalene  was  detected  in 
these  samples  at  concentrations  ranging  from  0.31  to  33  mg/kg,  and  BTEX 
constituent  were  also  detected  at  concentrations  ranging  from  0.007  to  260  mg/kg. 
No  petroleum  contamination  was  detected  at  depths  over  30  feet  below  the  ground 
surface.  The  lateral  extent  of  contamination  is  approximately  10  feet  from  the 
USTs,  except  in  the  northeast  comer  where  it  appears  to  extend  only  5  feet  away 
from  the  USTs  (Montgomery,  July  1992c). 

23.3  Initial  Soil  Gas  Characterization 

An  initial  soil  gas  sample  was  collected  from  vapor  probe  T-228-1-MW-U-92-HF 
on  June  18,  1992.  Results  are  tabulated  on  Figure  2.3.  Oxygen  was  present  at  only 
1.8  percent  in  the  sample,  indicating  the  presence  of  biological  activity  in  the  soil 
and  suggesting  that  bioventing  may  be  a  feasible  technology  for  site  remediation. 

2.4  Site  924 

2.4.1  Site  Location  and  History 

Site  924  is  located  approximately  100  feet  north  of  Second  Street  and  directly 
west  of  Building  924,  the  base  service  station.  The  site  is  located  on  flat  land,  which 
is  not  currently  paved  because  of  earth  working  activity.  The  site  will  be  covered 
with  asphalt  pavement  at  a  later  date.  Figure  2.4  shows  the  location  of  Site  924  in 
relation  to  Building  924  and  Second  Street. 

Four  12,000-gallon  steel  USTs  were  recently  removed  from  Site  924.  Two  tanks 
stored  unleaded  gasoline,  and  two  tanks  stored  diesel  fuel.  The  tanks  had  been 
installed  in  1969.  At  the  time  of  tank  removal,  signs  of  contamination  were 
observed.  The  extent  of  contamination  is  not  yet  fully  defined.  The  UST  excavation 
was  backfilled  with  soil  that  had  originated  in  the  excavation,  plus  some  clean  fill 
material.  During  backfilling  activities,  a  bioventing  system  was  installed  in  the  floor 
of  the  excavation.  A  section  of  4-inch  diameter,  perforated  pipe  was  installed 
running  east-west  across  the  floor  of  the  excavation,  and  four  soil  gas  probes  were 
•  installed  at  each  comer  of  the  excavation  floor  at  a  depth  of  12  feet  below  ground 
surface  (Figure  2.4).  Two  other  soil  gas  probes  were  installed  at  a  depth  of  five  feet. 

2.43  Site  Geology  and  Extent  of  Contamination 

Soils  at  this  site  consist  of  clean  sands  and  silty  sands.  Groundwater  is 
encountered  at  a  depth  of  approximately  150  feet. 

Although  the  extent  and  concentration  of  contamination  has  not  been  fully 
defined,  the  site  is  thought  to  be  contaminated  with  diesel  fuel  and  unleaded 
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gasoline  from  the  four  former  USTs  on  the  site.  Thus,  potential  contaminants 
include  BTEX  constituents  present  in  gasoline  and  diesel  fuel  and  PAHs  that  are 
found  in  diesel  fuel. 

2.43  Initial  Soil  Gas  Characterization 

Initial  soil  gas  samples  from  Site  924  were  collected  and  analyzed  on  June  18, 
1992.  Results  are  summarized  in  Table  2.1.  Oxygen  was  not  present  in  either  the 
SE  Probe  or  the  South  Probe,  and  oxygen  was  present  at  concentrations  below  5 
percent  in  the  SW  probe  and  the  vent  pipe.  Carbon  dioxide  was  present  at 
concentrations  over  10  percent  in  these  four  samples,  and  hydrocarbons  were 
present  in  elevated  concentrations  at  the  SE  probe  and  the  South  Probe.  These 
results  suggest  that  there  is  biological  degradation  of  fuel  in  soils  on  the  south  side 
of  the  former  UST  excavation,  and  that  bioventing  may  be  a  feasible  technology  for 
site  remediation. 

Soils  on  the  north  side  of  the  former  UST  excavation  appeared  to  contain  much 
less  fuel  contamination.  Oxygen  in  soil  gas  samples  from  the  north  side  of  the 
excavation  contained  oxygen  at  concentrations  ranging  from  9.5  to  14.2  percent. 

3.0  SITE  SPECIFIC  ACTIVITIES 

The  purpose  of  this  section  is  to  describe  the  work  that  will  be  performed  by  ES 
at  each  of  the  four  bioventing  sites  at  Hill  AFB.  Vent  wells  and  vapor  probes  have 
already  been  installed  on  the  sites  by  other  Air  Force  subcontractors.  Therefore,  no 
drilling  will  be  performed.  Existing  groundwater  monitoring  wells  will  not  be  used 
during  these  pilot  tests.  The  screened  intervals  of  these  monitoring  wells  occur  well 
below  100  feet  below  the  ground  surface,  and  contamination  at  these  sites  is 
generally  limited  to  the  upper  30  feet  of  the  unsaturated  zone. 

Activities  that  will  be  performed  at  each  site  include  in  situ  respiration  tests,  an 
air  permeability  test,  and  the  installation  of  a  long-term  bioventing  system  at  each 
site.  The  objective  of  the  in  situ  respiration  test  is  to  determine  the  rate  at  which 
soil  bacteria  degrade  petroleum  hydrocarbons.  Respiration  tests  will  be  performed 
at  every  vapor  probe  and  vent  well  where  bacterial  degradation  of  hydrocarbons  is 
noted.  These  points  are  characterized  by  low  oxygen  levels  and  elevated  carbon 
dioxide  concentrations  in  the  soil  gas.  Air  will  be  injected  at  each  point  containing 
low  levels  of  oxygen  (below  5%,  approximately)  for  a  12-hour  period  to  oxygenate 
local  contaminated  soils.  At  the  end  of  the  12-hour  air  injection  period,  the  air 
supply  will  be  cut  off  and  oxygen  and  carbon  dioxide  levels  will  be  monitored  for  the 
following  48  hours.  The  decline  in  oxygen  and  increase  in  carbon  dioxide 
concentrations  over  time  will  be  used  to  estimate  rates  of  bacterial  degradation  of 
fuel  residuals.  Helium  will  also  be  injected  at  one  point  on  each  bioventing  site  to 
estimated  oxygen  diffusion  rates  in  site  soils. 

The  objective  of  the  air  permeability  test  is  to  determine  the  extent  of  the 
subsurface  that  can  be  oxygenated  using  one  air  injection  or  extraction  unit.  At  each 
site,  air  will  either  be  injected  or  extracted  from  the  existing  4-inch  diameter  vent 
well  using  a  blower  unit,  and  pressure  (during  injection)  or  vacuum  (during 
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TABLE  2.1 


INITIAL  SOIL  GAS  CONCENTRATIONS  AT  SITE  924 


Location 

Hydrocarbon 

Concentration 

ppmv 

Oxygen 
Concentration 
%  02 

Carbon  Dioxide 
Concentration 
%  C02 

4-inch  Venting  Pipe 

88 

1.6 

13.8 

SE  Probe 

>10,000 

0.0 

19.5 

South  Probe  5’ 

>10,000 

0.0 

20.0 

SW  Probe 

110 

4.0 

10.6 

NE  Probe 

190 

14.2 

5.4 

North  Probe  5’ 

205 

12.5 

7.3 

NW  Probe 

90 

9.5 

6.8 
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extraction)  response  will  be  measured  at  existing  vapor  probes  with  differential 
pressure  gauges  to  determine  the  region  influenced  by  the  unit.  Oxygen  will  also  be 
monitored  in  the  vapor  probes  to  ascertain  that  oxygen  levels  in  the  soil  increase  as 
the  result  of  air  injection/extraction.  One  air  permeability  test  will  be  performed  at 
each  site.  Each  test  will  last  for  4  to  8  hours. 

A  long-term  bioventing  system  will  also  be  installed  at  each  of  the  four  bioventing 
sites.  An  electrician  subcontracted  to  ES  will  be  brought  on  base  to  hook  into 
existing  power  and  assist  in  wiring  the  blowers  to  line  power.  Each  blower  will  be 
housed  in  a  small,  prefabricated  shed  to  provide  protection  from  the  weather.  Each 
system  will  be  in  operation  for  one  full  year,  and  ES  personnel  will  be  onsite  in 
November  1992  and  July  1993  to  conduct  in  situ  respiration  tests  to  monitor  the 
long-term  performance  of  these  bioventing  systems.  Weekly  system  checks  will  be 
performed  by  Hill  AFB  personnel.  If  needed,  major  maintenance  of  the  blower 
units  will  be  performed  by  ES-Salt  Lake  City  personnel.  More  detailed  information 
regarding  the  test  procedures  can  be  found  in  the  'Test  Plan  and  Technical  Protocol 
for  a  Field  Treatability  Test  for  Bioventing"  (Hinchee  et.al.,  January  1992). 

3.1  Site  204.1 

At  Site  204.1,  respiration  tests  will  be  performed  at  SB  204A-02  and  SB  204A-01 
(27  to  28  feet  bgs),  based  upon  initial  soil  gas  sampling.  During  the  initial  site  visit 
on  June  17-18,  1992,  soil  gas  from  the  vent  well,  SB  204A-04,  was  not  sampled  due 
to  the  unavailability  of  110-volt  power  to  operate  the  purge  pump.  If  initial  oxygen 
levels  at  SB  204A-04  are  low  (below  approximately  5%),  an  in  situ  respiration  test 
will  also  be  performed  at  this  point. 

The  air  permeability  test  at  Site  204.1  will  involve  air  injection.  There  are  no 
buildings  in  the  immediate  vicinity  of  the  site  other  than  Building  207,  and  the 
contaminant  at  the  site  is  diesel  fuel.  Therefore,  the  potential  for  driving  fuel 
vapors  into  basements  and  other  confined  spaces  is  minimal.  Because  110-volt 
receptacle  power  will  be  available  at  the  site,  the  air  permeability  test  may  be 
performed  either  before  or  after  the  installation  of  the  long-term  bioventing  system. 

The  configuration  of  the  proposed  long-term  blower  system  for  Site  204.1  is 
illustrated  in  Figure  3.1.  A  weather  proof  disconnect  switch  and  starter  will  be 
mounted  on  the  southwest  wall  of  Building  207,  and  the  blower  will  be  placed  on  the 
south  corner  of  the  building,  as  depicted  in  Figure  2.1.  The  subcontracted 
electrician  will  assemble  the  electrical  system  and  connect  it  to  existing  line  power. 
A  1.5-inch  manifold  will  run  from  the  blower  outlet  port  to  SB  204A-04.  The 
manifold  will  be  anchored  to  prevent  the  well  casing  from  being  broken.  A  1- 
horsepower  blower,  powered  by  110-volt  electricity,  is  expected  to  be  sufficient  to 
enhance  oxygen  levels  in  the  entire  contaminated  zone. 

32  Site  214.1 

Site  214.1  is  illustrated  in  Figure  2.2  along  with  initial  soil  gas  measurements  that 
were  made  on  June  18,  1992  at  the  vent  well.  Soil  gas  could  not  be  extracted  from 
either  vapor  probe  during  the  initial  site  visit  due  to  subsurface  blockage.  Although 
further  attempts  to  extract  soil  gas  will  be  made,  ES  does  not  anticipate  that  these 
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points  can  be  utilized  for  the  pilot  test.  110-volt  receptacle  power  is  available  in 
Building  214. 

A  respiration  test  will  be  performed  at  SB  214A-01  using  compressed  air/helium. 
If  soil  gas  can  be  extracted  from  SB  214A-02  or  SB  214A-03,  respiration  tests  will  be 
conducted  at  these  locations,  provided  that  initial  oxygen  levels  are  low  (below 
approximately  5  percent). 

The  air  permeability  test  at  Site  214.1  will  involve  air  extraction  due  to  the  close 
proximity  of  Building  214.  The  air  permeability  test  will  only  be  performed  if  the 
existing  vapor  probes  are  functional,  since  the  vapor  probes  will  be  required  to 
monitor  vacuum  and  oxygen  response. 

The  configuration  of  the  proposed  long-term  blower  system  for  Site  214.1  is 
illustrated  in  Figure  3.2.  A  weatherproof  disconnect  switch  and  starter  will  be 
mounted  on  an  existing  instrument  panel  just  north  of  the  UST,  and  the  blower  will 
be  placed  at  the  southeast  comer  of  the  UST  near  SB214A-01.  The  electrician  will 
assist  in  assembling  the  electrical  system  and  connecting  it  to  existing  line  power. 

3.3  Site  228 

At  Site  228,  a  respiration  test  will  be  performed  at  monitoring  point  T-228-1-VP- 
U-92-HF  based  upon  low  oxygen  levels  discovered  during  initial  soil  gas  sampling. 
During  the  initial  site  visit  on  June  17-18,  1992,  soil  gas  from  the  vent  well,  T-228-1- 
VW-U-92-HF,  was  not  sampled  due  to  the  unavailability  of  an  explosion  proof  110- 
volt  power  circuit  to  operate  the  purge  pump.  A  respiration  test  may  also  be 
conducted  at  the  vent  well  if  permission  is  given  to  temporarily  operate  standard 
110-volt  power  in  this  area,  which  requires  explosion-proof  power  for  permanent 
electrical  fixtures. 

The  air  permeability  test  at  Site  228  will  involve  air  injection.  Buildings  227  and 
228,  adjacent  to  the  site,  have  no  basements.  Therefore,  the  potential  for  driving 
fuel  vapors  into  basements  and  other  confined  spaces  is  minimal.  Also,  buildings 
227  and  228  are  equipped  with  explosion-proof  power  supplies.  Because  the  use  of 
standard  110-volt  electrical  power  may  not  be  allowed,  the  air  permeability  test  may 
have  to  be  performed  after  the  installation  of  the  long-term  bioventing  system. 

The  configuration  of  the  proposed  long-term  blower  system  for  Site  228  is 
illustrated  in  Figure  3.1.  An  explosion  proof  disconnect  switch  and  starter  will  be 
mounted  on  the  north  wall  of  Building  227,  and  the  blower  will  be  placed  next  to  the 
vent  well  as  depicted  in  Figure  2.3.  The  subcontracted  electrician  will  assemble  the 
electrical  system  and  connect  it  to  existing  line  power.  A  1.5-inch  manifold  will  run 
from  the  blower  outlet  port  to  the  vent  well.  A  1-horsepower  blower,  powered  by 
110-volt  electricity,  is  expected  to  be  sufficient  to  enhance  oxygen  levels  in  the  entire 
contaminated  zone. 

3.4  Site  924 

At  Site  924,  respiration  tests  will  be  performed  at  the  vent  pipe  and  all  vapor 
probes  on  the  south  side  of  the  excavation.  Helium  will  be  injected  at  one  point  to 
quantify  diffusion  rates. 


A7-4-14 


-13- 


The  air  permeability  test  at  Site  924  will  involve  air  injection,  since  there  are  no 
buildings  in  the  immediate  vicinity  of  the  former  UST  excavation.  It  is  expected 
that  a  2.5  horsepower  blower  powered  by  220-volt  electricity  will  be  required  to 
supply  oxygen  to  the  entire  contaminated  soil  zone,  since  there  appears  to  be  a 
much  larger  volume  of  contaminated  soil  at  Site  924  than  the  other  three  sites.  The 
soil  gas  permeability  test  will  be  conducted  using  the  long-term,  2.5  horsepower 
blower  after  it  has  been  installed.  However,  the  soil  gas  permeability  test  could  also 
be  conducted  using  a  1-horsepower  blower  operated  by  110-volt  receptacle  power 
prior  to  the  installation  of  the  long-term  system. 

The  configuration  of  the  proposed  long-term  blower  system  for  Site  924  is 
illustrated  in  Figure  3.1.  A  weatherproof  disconnect  switch  and  starter  will  be 
mounted  on  the  west  wall  of  Building  924,  and  the  blower  will  be  placed  to  the  west 
of  Building  924  as  depicted  in  Figure  2.4.  The  subcontracted  electrician  will 
assemble  the  electrical  system  and  connect  it  to  existing  line  power.  A  2.5 
horsepower  blower  powered  by  220-volt  electricity  will  be  used  at  Site  924,  unless  a 
1  horsepower  blower  is  found  to  be  adequate. 

4.0  EXCEPTIONS  TO  PROTOCOL  PROCEDURES 

The  procedures  that  will  be  used  to  measure  the  air  permeability  of  the  soil  and 
in  situ  respiration  rates  are  described  in  Sections  4  and  5  of  the  protocol  document. 
One  exception  to  this  protocol  should  be  noted.  Helium,  used  as  a  tracer  gas  at  one 
point  per  site,  will  be  applied  by  releasing  the  contents  of  a  230  cubic  foot 
compressed  gas  cylinder  containing  1.5  percent  helium  in  air. 

5.0  BASE  SUPPORT  REQUIREMENTS 

The  following  base  support  is  needed  prior  to  the  arrival  of  the  Engineering- 
Science  test  team: 

•  Confirmation  of  regulatory  approval  for  the  pilot  test. 

•  Provide  any  paperwork  required  to  obtain  gate  passes  and  security  badges  for 
approximately  three  Engineering-Science  employees.  Vehicle  passes  will  be 
needed  for  one  truck. 

During  the  initial  four  week  pilot  test  the  following  base  support  is  needed: 

•  Twelve  square  feet  of  desk  space  and  a  telephone  in  a  building  located  as 
near  to  the  site  as  practical. 

•  The  use  of  a  fax  machine  for  transmitting  15  to  20  pages  of  test  results. 

During  the  one  year  extended  pilot  test  on  the  four  sites: 

•  Check  the  blower  systems  at  the  four  sites  once  a  week  to  ensure  that  it  is 
operating  and  to  record  the  operating  parameters  (pressure,  vacuum,  and 
temperature).  Engineering-Science  will  provide  a  brief  training  session  on 
this  procedure. 
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•  Notify  Mr.  John  Ratz,  Mr.  Doug  Downey  or  Ms.  Gail  Saxton,  Engineering- 
Science,  Inc.  Denver  (303)  831-8100,  or  Mr.  Jim  Williams  of  the  AFCEE, 
(800)  821-4528,  ext  293  if  the  blower  or  motor  stop  working. 

•  Arrange  site  access  for  an  Engineering-Science  technician  to  conduct  in  situ 
respiration  tests  approximately  six  months  and  one  year  after  the  initial  pilot 
test. 

6.0  PROJECT  SCHEDULE 

The  following  schedule  is  contingent  upon  timely  approval  of  this  pilot  test  work 
plan. 


Event 

Begin  Pilot  Test 
Complete  Initial  Pilot  Test 
Interim  Results  Report 
Six-month  Respiration  Test 
Final  Respiration  Test 

7.0  POINTS  OF  CONTACT 

Mr.  Andrew  Gemperline 
OO-ALC/EMR 
Hill  AFB,UT  84056-5990 
(801)  777-6919 

Major  Ross  Miller/Mr.  Jim  Williams 
AFCEE/ESR 

Brooks  AFB,  TX  78235-5000 
(800)  821-4528  ext.  282,  293 

Mr.  John  Ratz/Mr.  Doug  Downey 
Engineering-Science,  Inc. 

1700  Broadway,  Suite  900 
Denver,  CO  80290 
(303)  831-8100 


Date 

30  June  1992 
28  July  1992 
22  September  1992 
December  1992 
July  1993 
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INTERIM  TEST  RESULTS 


Initial  bioventing  pilot  tests  were  completed  at  four  sites  on  Hill  Air  Force  Base 
(AFB),  Utah,  during  the  period  of  30  June  to  28  July  1992.  The  purpose  of  Part  II  is 
to  describe  the  results  of  the  initial  pilot  tests  at  these  sites  and  to  make  specific 
recommendations  for  extended  testing  to  determine  the  long-term  impact  of 
bioventing  on  site  contaminants.  Brief  descriptions  of  the  history,  geology,  and 
contamination  at  the  four  bioventing  sites  are  contained  in  Part  I,  the  Test  Work 
Plan. 

1.0  SITE  204.1 

1.1  Pilot  Test  Design 

The  following  sections  describe  the  final  design  and  installation  of  the  bioventing 
system  on  Site  204.1.  The  vent  well  and  vapor  monitoring  points  at  Site  204.1  were 
installed  by  another  Air  Force  contractor  in  May  1992,  prior  to  ES  involvement. 
One  vent  well  and  three  vapor  monitoring  points  were  installed,  along  with  one 
groundwater  monitoring  well. 

ES  installed  a  single  blower  unit  at  Site  204.1.  The  location  of  the  blower  unit 
was  changed  slightly  from  that  shown  in  the  test  work  plan  to  allow  access  to  the 
southwest  side  of  Building  207,  an  area  that  is  currently  being  used  for  equipment 
storage.  Figure  1.1  depicts  the  actual  location  of  the  blower  unit  installed  at  Site 
204.1. 

Soils  on  this  site  consisted  of  alternating  layers  of  sand,  silty  sand,  and  gravel. 
Groundwater  occurs  at  a  depth  of  approximately  150  feet  below  the  ground  surface 
(bgs)  and  is  not  believed  to  be  affected  by  fuel  contamination  from  the  former 
USTs. 

1.1.1  Air-Injection  Vent  Well 

The  air-injection  vent  well,  designated  as  SB204A-04,  was  installed  by  another 
Air  Force  contractor  following  procedures  described  in  the  protocol  document 
(Hinchee  et.al.,  1992).  The  location  of  the  vent  well  is  illustrated  in  Figure  1.1,  and 
construction  details  for  the  vent  well  are  included  in  Appendix  A.  The  vent  well  was 
constructed  using  4-inch  diameter  polyvinyl  chloride  (PVC)  casing  with  40  feet  of 
screen  with  0.020-inch  slot  size  installed  from  10  to  50  feet  bgs.  The  annular  space 
between  the  well  casing  and  borehole  was  filled  with  8-12  silica  sand.  Two  feet  of 
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bentonite  slurry  were  placed  above  the  sand,  followed  by  a  cement  grout  to  the 
ground  surface  (Montgomery,  July  1992a). 

1.1.2  Monitoring  Points 

The  monitoring  points  were  also  installed  by  another  Air  Force  contractor  prior 
to  ES  involvement.  Three  monitoring  points  were  constructed  at  Site  204.1  at 
locations  shown  in  Figure  1.1.  Construction  details  for  the  monitoring  points  are 
included  in  Appendix  A.  Monitoring  point  SB204A-01  was  screened  at  three 
different  depth  intervals:  9  to  10  feet,  27  to  28  feet,  and  34  to  35  feet  bgs. 
Monitoring  points  SB204A-02  and  SB204A-03  were  screened  from  11  to  12  feet  bgs 
and  12  to  13  feet  bgs,  respectively.  Each  point  was  constructed  using  a  1-foot 
section  of  2-inch  diameter  PVC  well  screen  with  0.020-inch  slot  size  and  0.25-inch 
inside  diameter  rigid  plastic  tubing  extending  to  the  surface.  The  top  of  each 
monitoring  point  was  completed  with  a  flush-mount  metal  well  protector  set  in  a 
concrete  base.  Each  monitoring  point  was  labeled  with  metallic  tape  as  described  in 
the  protocol  document. 

1.13  Blower  Unit 

A  1-horsepower  Gast®  R4 110-2  regenerative  blower  unit  was  used  at  Site  204.1 
for  both  the  initial  pilot  test  and  the  extended  pilot  test.  The  blower  unit  is 
temporarily  energized  by  115-volt,  single  phase,  30-amp  line  power  from  a  breaker 
box  on  the  east  side  of  Building  205.  Hill  AFB  electricians  will  complete  permanent 
electrical  hookup  when  power  is  restored  to  Building  207  in  Fall  1992.  The 
configuration,  instrumentation  and  specifications  for  this  system  are  shown  on 
Figure  1.2.  The  blower  is  currently  operating  at  70  scfin  with  a  wellhead  pressure  of 
4  inches  H2O.  A  portion  of  the  air  flow  is  being  released  from  the  system  through 
the  bleed  valve.  The  bleed  valve  is  open  approximately  1.75  turns  to  optimize  and 
minimize  the  volume  of  air  being  injected  into  the  soil.  By  reducing  the  air  injection 
rate,  the  subsurface  transport  of  volatile  contaminants  through  the  soil  gas  is 
minimized  and  the  risk  of  explosive  vapor  accumulation  in  confined  spaces  is 
minimized.  A  copy  of  the  blower  operation  and  maintenance  check  list  provided  to 
the  base  is  found  in  Appendix  B. 

12  Soil  and  Soil  Gas  Sampling  Results 

Based  on  a  site  investigation  by  James  M.  Montgomery,  Inc.  (July  1992a), 
hydrocarbon  contamination  appears  to  extend  to  a  maximum  depth  of  61  feet  bgs 
and  to  a  lateral  extent  of  10  feet  in  all  directions  from  the  former  UST  location. 
Five  soil  borings  were  placed  in  and  around  the  area  of  the  former  USTs  to  define 
the  extent  of  contamination.  Each  borehole  was  completed  as  a  groundwater 
monitoring  well,  air-injection  vent  well,  or  a  vapor  monitoring  point  (Figure  1.1). 
Results  of  laboratory  soil  sampling  are  summarized  in  Table  1.1.  Total  petroleum 
hydrocarbon  (TPH)  detections  ranged  from  0.2  to  1500  mg/kg. 

Laboratory  soil  gas  samples  were  collected  from  the  monitoring  points  and  the 
vent  well.  The  monitoring  points  were  purged  for  1  minute  and  the  vent  well  was 
purged  for  20  minutes  prior  to  sample  collection  using  a  1  standard  cubic  foot  per 
minute  (scfin)  vacuum  pump.  Soil  gas  samples  were  shipped  by  Federal  Express® 


A7-4-2 


-3- 


Q 

2 

LU 

O 

UJ 


O 

to 

T 

CL 

00 

T~ 

ti 

o 

x 

uj 

3 

CO 


Of 

£ 


X 

< 

H- 
Ui 
— I 
2 


O 

CM 

X 


Ui 

o 

3 

< 

o 

3 

3 

3 

0 


CM 

I 

O 

5 

a: 

H 

< 

O 


00 


5 


3 

UJ 
X 

UJ 

3  O 
in  csi 
co  x 
u 

oi  c 
a.— 

gS 

<  t 

2< 

Si- 
t  u 
5  00 
<. ' — / 


o  ^ 
X  ^ 


Ui 

o 

3 

< 

o 


UJ 

o 

3 

< 

O 

UI 

01 

3 

in 

in 

Ui 

x 

x 


UJ 

X 

e 

< 

s 

CL 

2 

£ 


s 

y 

GO 

U. 

UJ 

h 

UJ  o 
X 

W 
UJ 

E- 
<!  ‘ 
IS 


rO 

< 


< 

O 

ro 

fO 

UJ 

in 


in 

< 

2 

X 


X 

p 


>  2 


X 

2 

in 


tn 

H— 

a 

UJ 

2 

2 

O 

O 


X 

o 

00 

X 
Ui 

I  § 

Q  CD 


©©©©©©©  ®@® 


<N 


UJ 

01 

2> 

O 

U- 


£z 

°°p 

egs 

*7  O 

O  —  <N 
m  ^  uj 

3  o 

OQ  U. 

I 

(/) 

< 


X 

£ 


£ 

< 


yO 

*| 

u 


ENGINEERING-SCIENCE,  INC. 

Denver,  Colorado 


TABLE  1.1 
SITE  204.1 

SOIL  AND  SOIL  GAS  ANALYTICAL  RESULTS 


Analyte  (Units)  a/ 

Sample  Location  (feet  bgs) 

Soil  Hydrocarbons  b/ 

SB204A-01 19-9.51 

SB204A-02  fl  1-11.51  SB204A-04  112.5-131 

TPH  (mg/kg) 

370 

1000 

1500 

Benzene  (mg/kg) 

0.009 

0.031 

0.023 

Toluene  (mg/kg) 

<0.005 

0.22 

0.26 

Ethylbenzene  (mg/kg) 

0.047 

0.8 

0.78 

Xylenes  (mg/kg) 

0.19 

7.7 

7.4 

Soil  Gas  Hydrocarbons 

SB204A-01  134-351 

SB204A-02  m-121 

SB204A-04  (10-501 

TPH  (ppmv)  c/ 

7.5 

160 

490 

Benzene  (ppmv) 

0.01 

0.053 

0.016 

Toluene  (ppmv) 

0.006 

0.06 

0.25 

Ethylbenzene  (ppmv) 

ND  d/ 

0.085 

0.17 

Xylenes  (ppmv) 

ND 

0.31 

0.85 

Soil  Physical  Parameters  b/ 

SB204A-01  (20-20.51 

SB204A-01  (40.5-411 

T-204- 1 -M W-92-HF  (60.5-611 

Moisture  (%  wt.) 

5.1 

4.4 

4.5 

Gravel  (%) 

34 

6 

.  3 

Sand  {%) 

60 

84.5 

91 

Silt  (%) 

3 

4.5 

3 

Clay  (%) 

3 

5 

3 

a/  mg/kg=milligrams  per  kilogram;  ppmv=parts  per  million,  volume  per  volume, 
b/  Montgomery,  July  1992a. 

c/  TPH  referenced  to  Jet  Fuel  (molecular  weight=156). 
dJ  ND  =  Not  detected. 
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to  Air  Toxics  Inc.  in  Rancho  Cordova,  California,  for  TPH  (referenced  to  JP-4  jet 
fuel)  and  benzene,  toluene,  ethylbenzene,  and  total  xylenes  (BTEX)  analyses  by 
Method  TO-3.  The  results  of  these  analyses  are  provided  in  Table  1.1. 

1.3  Exceptions  To  Test  Protocol 

Procedures  contained  in  the  protocol  were  used  to  complete  treatability  tests  at 
Site  204.1.  Due  to  the  delayed  shipment  of  the  blower  unit,  the  sequence  of  in  situ 
respiration  testing  and  soil  gas  permeability  testing  had  to  be  reversed.  Although 
the  respiration  test  was  performed  first,  enough  time  was  provided  for  the  soil  gas  to 
return  to  initial  conditions  prior  to  the  start  of  the  air  permeability  test. 

Helium  injection  prior  to  in  situ  respiration  testing  was  performed  using  an 
alternative  method  to  that  described  in  the  protocol  document.  To  improve  the 
consistency  of  injected  helium  concentrations,  air  and  helium  were  injected  by 
metering  in  a  premixed  230  cubic  feet  cylinder  of  1.5  percent  helium  and  98.5 
percent  air.  At  Site  204.1,  the  contents  of  this  cylinder  were  injected  over  an 
approximate  10  hour  interval  at  a  flow  of  approximately  0.4  scfm.  The  advantage  of 
this  method  is  that  a  uniform  helium  concentration  can  be  injected  with  minimum 
oversight.  The  disadvantage  of  this  method  is  that  several  cylinders  of  premixed  gas 
may  be  required  to  reduce  the  diffusion  effects  around  the  monitoring  point.  The 
cost  and  inconvenience  of  handling  four  to  six  large  cylinders  at  each  site  may  not  be 
acceptable.  Additionally,  a  constant  flow  rate  could  not  be  attained  using  the  single¬ 
valve  pressure  regulators.  ES  will  continue  to  refine  and  test  helium  injection 
techniques  and  make  a  recommendation  to  AFCEE  at  a  future  date. 

1.4  Test  Results 

1.4.1  Initial  Soil  Gas  Chemistiy 

On  2  July  1992,  soil  gas  from  all  monitoring  points  and  the  vent  well  at  Site  204.1 
was  sampled  to  determine  initial  oxygen,  carbon  dioxide  and  TVH  concentrations. 
The  vent  well  was  purged  for  20  minutes  and  the  monitoring  points  were  purged  for 
1  minute  prior  to  sampling  using  a  1-scfin  vacuum  pump.  These  purge  times  were 
also  used  throughout  respiration  and  permeability  testing.  The  samples  were 
analyzed  in  the  field  using  portable  gas  analyzers,  as  described  in  the  protocol. 
Table  1.2  summarizes  the  initial  soil  gas  chemistry  at  Site  204.1.  SB204A-02  was 
entirely  oxygen  depleted.  Other  monitoring  points  contained  low  levels  of  oxygen, 
indicating  that  biological  fuel  degradation  was  occurring  but  oxygen  diffusion  rates 
were  high  enough  to  prevent  the  points  from  becoming  anaerobic. 

1.4 2  Soil  Gas  Permeability 

A  soil  gas  permeability  test  was  conducted  according  to  protocol  procedures.  Air 
was  injected  into  the  vent  well  (SB204A-04)  at  a  rate  of  approximately  77  scfm  and 
an  average  pressure  of  approximately  10  inches  H2O.  The  pressure  response  at  each 
monitoring  point  is  recorded  in  Table  1.3.  Due  to  the  rapid  response  and  relatively 
short  time  to  steady  state  conditions,  the  steady  state  method  of  determining  soil  gas 
permeability  was  selected.  As  discussed  in  the  protocol,  the  dynamic  method  of 
determining  soil  gas  permeability  that  is  coded  in  the  Hyperventilate®  model  is  not 
appropriate  for  soils  which  reach  steady  state  in  less  than  10  minutes.  Using  the 
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TABLE  1.2 
SITE  204.1 

INITIAL  SOIL  GAS  CHEMISTRY 


Monitoring  Point 

SB204A-01 

SB204A-01 

SB204A-01 

SB204A-02 

SB204A-03 


Depth  (ft  bgs) 

02(%) 

C02(%) 

TVH(ppmv) 

9-10 

12.8 

8.1 

72 

27-28 

13 

6.5 

120 

34-35 

6.7 

10.2 

110 

11-12 

0.2 

17 

580 

12-13 

9.2 

9.3 

84 

SB204A-04 


10-50 


8.2 


9.4 


880 


TABLE  1.3 
SITE  204.1 

PRESSURE  RESPONSE  AT  MONITORING  POINTS 
DURING  THE  AIR  PERMEABILITY  TEST 


Monitoring 
Point 
(feet  bgs) 

SB204A-01 

(9-10) 

SB204A-01 

(27-28) 

SB204A-01 

(34-35) 

SB204A-02 

(11-12) 

SB204A-03 

(12-13) 

Elapsed  Time 

Pressure  Response,  inches  of  water. 

(minutes) 

0 

1 

0.2 

0.5 

0.35 

NS 

NS 

2 

NS 

NS 

NS 

NS 

0.4 

3 

0.5 

0.65 

0.45 

0.8 

NS 

5 

NS 

NS 

NS 

NS 

0.5 

6 

NS 

NS 

NS 

0.9 

NS 

7 

0.55 

0.75 

0.6 

NS 

NS 

8 

NS 

NS 

NS 

0.95 

0.5 

9 

0.55 

0.75 

0.6 

NS 

NS 

10 

NS 

NS 

NS 

0.95 

0.55 

11 

0.6 

0.8 

0.65 

NS 

NS 

12 

NS 

NS 

NS 

0.95 

0.55 

13 

0.65 

0.8 

0.65 

NS 

NS 

14 

NS 

NS 

NS 

0.95 

0.6 

15 

0.65 

0.85 

0.7 

NS 

NS 

16 

NS 

NS 

NS 

0.95 

0.6 

17 

0.65 

0.85 

0.65 

NS 

NS 

18 

NS 

NS 

NS 

0.95 

0.6 

19 

0.65 

0.9 

0.75 

NS 

NS 

20 

NS 

NS 

NS 

1 

0.65 

22 

0.7 

0.85 

0.65 

NS 

NS 

24 

NS 

NS 

NS 

1 

0.65 

28 

0.7 

0.9 

0.75 

NS 

NS 

29 

NS 

NS 

NS 

1 

0.65 

34 

0.65 

0.9 

0.75 

NS 

NS 

36 

NS 

NS 

NS 

1 

0.65 

42 

0.7 

0.8 

0.8 

NS 

NS 

44 

NS 

NS 

NS 

1 

0.65 

52 

0.7 

0.9 

0.8 

NS 

NS 

64 

0.7 

0.9 

0.75 

NS 

NS 

65 

NS 

NS 

NS 

1.05 

0.65 

82 

0.7 

0.95 

0.8 

1.05 

0.7 

107 

0.65 

0.9 

0.8 

1.05 

0.65 

129 

0.7 

0.9 

0.8 

1.05 

0.65 

178 

0.7 

0.9 

0.8 

1.05 

0.65 

190 

NS 

NS 

NS 

1.05 

0.65 

213 

0.65 

0.9 

0.75 

1.05 

0.65 

249 

0.65 

0.9 

0.75 

1.05 

0.65 

1186 

0.55 

0.7 

0.55 

0.9 

0.55 

NS  =  Not  sampled. 
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steady  state  method,  a  soil  gas  permeability  value  of  18.9  darcies  was  calculated  for 
the  site  soils.  A  radius  of  pressure  influence  of  approximately  60  feet  was  observed. 

1.4.3  Oxygen  Influence 

The  depth  and  radius  of  oxygen  increase  in  the  subsurface  resulting  from  air 
injection  in  the  central  vent  well  is  the  primary  design  parameter  for  bioventing 
systems.  Optimization  of  full-scale  and  multiple  vent  well  systems  requires  pilot 
testing  to  determine  the  volume  of  soil  which  can  be  oxygenated  at  a  given  flow  rate 
and  vent  well  screen  configuration. 

Table  1.4  describes  the  change  in  soil  gas  oxygen  levels  that  occurred  during  20 
hours  of  air  injection  into  the  Site  204.1  vent  well  (SB204A-04)  at  an  average  flow 
rate  of  77  scfm.  Oxygen  levels  increased  significantly  in  all  locations,  except  for 
monitoring  point  SB204A-01  at  a  depth  of  9  to  10  feet  bgs.  At  this  shallow 
monitoring  point  on  the  eastern  edge  of  the  contaminated  zone,  oxygen  was  already 
present  at  high  levels  (17.2  percent)  prior  to  the  start  of  air  injection.  This  relatively 
brief  air  injection  of  77  scfm  produced  a  radius  of  oxygen  influence  of  at  least  21 
feet  in  site  soils.  It  is  our  opinion  that  the  radius  of  oxygen  influence  for  a  long-term 
bioventing  system  on  this  site  will  exceed  21  feet  at  all  depths,  and  that  the  entire 
contaminated  region  is  being  supplied  with  oxygen.  Future  monitoring  at  this  site 
will  better  define  the  treatment  radius. 

1.4.4  In  Situ  Respiration  Rates 

The  results  of  in  situ  respiration  testing  at  Site  204.1  are  presented  in  Figures  1.3 
through  1.5.  Oxygen  loss  at  SB204A-01  occurred  at  a  slow,  steady  rate  of  .006 
percent/minute  over  the  first  500  minutes  of  the  respiration  test  (Figure  1.3).  In 
comparison,  oxygen  loss  was  rapid  at  SB204A-02  and  SB204A-04  (Figures  1.4  and 
1.5).  During  the  first  500  minutes,  oxygen  was  lost  from  monitoring  point  SB204A- 
02  at  a  rate  of  .017  percent/minute,  and  from  vent  well  SB204A-04  at  a  rate  of  .026 
percent/minute.  The  difference  in  oxygen  utilization  rates  is  caused  by  differing 
contaminant  concentrations  at  each  location.  At  SB204A-01  (34-35  feet  bgs),  the 
initial  laboratory  TPH  concentration  was  7.5  ppmv  (Table  1.1).  In  contrast,  initial 
laboratory  TPH  concentrations  for  SB204A-02  and  SB204A-04  were  160  ppmv  and 
490  ppmv,  respectively.  Since  less  fuel  is  available  at  SB204A-01  than  at  SB204A-02 
and  SB204A-04,  fuel  biodegration  rates  are  slower. 

During  the  initial  500  minutes  of  the  in  situ  respiration  test,  helium  diffusion  at 
SB204A-02  resulted  in  a  fractional  loss  of  approximately  35  percent  of  the  initial 
helium  concentration  (Figure  1.6).  Due  to  its  greater  molecular  weight,  oxygen  will 
diffuse  approximately  three  times  slower  than  helium.  This  means  that  at  SB204A- 
02,  approximately  12  percent  of  the  initial  oxygen  may  have  been  lost  due  to 
diffusion  during  the  initial  500  minutes.  Table  1.5  provides  a  summary  of  the 
observed  and  corrected  oxygen  utilization  rates  for  Site  204.1.  Since  these 
monitoring  points  were  completed  in  generally  uniform  soils,  oxygen  diffusion  rates 
for  SB204A-01  and  SB204A-04  were  assumed  to  be  similar  to  the  rate  estimated  for 
SB204A-02.  It  is  interesting  to  note  that  at  SB204A-02  and  SB204A-04,  almost  all  of 
the  oxygen  loss  was  attributed  to  biodegradation. 
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TABLE  1.4 
SITE  204.1 

INFLUENCE  OF  AIR  INJECTION  AT  VENT  WELL 
ON  MONITORING  POINT  OXYGEN  LEVELS 


Monitoring 

Point 

Distance  From 

Vent  Well  (ft) 

Depth 
(feet  bgs) 

Initial  02(96 ) 

Final  02(%) 

SB204A-01 

16 

9-10 

17.2 

15.2 

SB204A-01 

16 

27-28 

12.4 

20.3 

SB204A-01 

16 

34-35 

10.1 

19.1 

SB204A-02 

11.92 

11-12 

4.2 

17 

SB204A-03 

21.17 

12-13 

9 

16.5 
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Figure  1.3 

Respiration  Test  at  SB204A-01  (34-35  feet  bgs) 
Site  204.1  -  Hill  AFB,  Utah 


Time  (minutes  x  1000) 


Figure  1.4 

Respiration  Test  at  SB204A-02 
Site  204.1  -  Hill  AFB,  Utah 


12- 


Time  (minutes  x  1000) 


Figure  1.5 

Respiration  Test  at  SB204A-04 
Site  204.1  -  Hill  AFB,  Utah 


Time  (minutes  x  1000) 


Figure  1.6 
Respiration  Test 
Oxygen/Helium  Concentrations 
Monitoring  Point  SB204A-02 
Site  204.1  -  Hill  AFB,  Utah 
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APPARENT  AND  CORRECTED  OXYGEN  UTILIZATION  RATES  (0-500  MINUTES) 
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Based  on  the  oxygen  utilization  rates  observed  at  SB204A-01,  SB204A-02,  and 
SB204A-04  during  the  initial  500  minutes,  an  estimated  12.6  milligrams  of  fuel  per 
kilogram  of  soil  can  be  degraded  each  day  on  this  site.  This  estimate  is  based  on  an 
average  air-filled  porosity  of  .16  liters  per  kilogram  of  soil  and  a  conservative  ratio 
of  3.5  milligrams  of  oxygen  consumed  for  every  1  milligram  of  fuel  degraded. 

The  apparent  decrease  in  oxygen  utilization  rate  over  time  at  SB204A-01  and 
SB204A-04  has  been  observed  by  ES  at  other  fuel  spill  sites  where  contamination 
levels  and  soil  types  are  variable.  Table  1.2  provided  initial  oxygen  levels  at  the  vent 
well  and  monitoring  points  and  clearly  illustrates  this  variability.  The  protocol 
model  for  helium  and  oxygen  diffusion  assumes  that  each  monitoring  point  is 
surrounded  by  contaminated  soil  with  zero  oxygen  and  that  the  gradient  of  oxygen 
diffusion  is  always  outward  from  the  monitoring  point.  It  is  apparent  that  at  Site 
204.1,  clean,  oxygenated  soil  is  in  close  proximity  to  a  relatively  small  zone  of 
contaminated,  zero  oxygen  soil.  In  this  situation,  we  believe  that  the  oxygen 
gradient  actually  reverses  over  time.  As  oxygen  is  rapidly  consumed  by  fuel 
degrading  bacteria  the  inward  diffusion  of  oxygen  begins  from  clean  soils.  The 
effect  of  this  inward  diffusion  is  an  apparent  reduction  in  oxygen  utilization  rates 
over  time.  Because  fuel-degrading  bacteria  generally  consume  oxygen  at  a  rate  that 
exceeds  diffusion,  soil  gas  eventually  returns  to  zero  in  contaminated  soil. 

1.5  Recommendations 

Initial  bioventing  tests  on  this  site  indicate  that  oxygen  has  been  depleted  in 
contaminated  soils  and  that  air  injection  is  an  effective  method  of  increasing  aerobic 
fuel  biodegradation.  AFCEE  has  recommended  that  air  injection  continue  on  this 
site  to  determine  the  long-term  radius  of  oxygen  influence  and  the  effect  of  time, 
available  nutrients  and  changing  temperatures  on  fuel  biodegradation  rates. 

A  small  regenerative  blower  has  been  installed  on  the  site  (Figure  1.1)  to 
continue  a  low  rate  of  air  injection.  In  December  of  1992,  ES  will  return  to  the  site 
to  sample  and  analyze  the  soil  gas  and  conduct  a  repeat  respiration  test.  To 
improve  respiration  test  results,  a  longer  period  of  air  injection  will  be  used  to  more 
evenly  distribute  oxygen  and  helium.  In  July  of  1993,  a  final  respiration  test  will  be 
completed  and  soil  and  soil  gas  samples  collected  from  the  site  to  determine  the 
degree  of  remediation  achieved  during  the  first  year. 

Based  on  the  results  of  the  first  year  of  bioventing,  AFCEE  will  recommend  one 
of  three  options: 

1.  Continued  operation  of  the  bioventing  system  for  full-scale  remediation  of  the 
site.  AFCEE  can  assist  the  base  in  obtaining  regulatory  approval  for  upgrade 
and  continued  operation. 

2.  If  final  soil  sampling  indicates  significant  contaminant  removal  has  occurred, 
AFCEE  may  recommend  additional  sampling  to  confirm  that  clean  up 
criteria  have  been  achieved. 

3.  If  significant  difficulties  or  poor  results  are  encountered  within  bioventing  on 
this  site,  AFCEE  could  recommend  the  removal  of  the  blower  system  and 
proper  abandonment  of  the  vent  well. 
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2.0  SITE  214.1 

2.1  Pilot  Test  Design 

The  following  sections  describe  the  final  design  and  installation  of  the  bioventing 
system  on  Site  214.1.  The  vent  well  and  vapor  monitoring  points  at  Site  214.1  were 
installed  by  another  Air  Force  contractor  in  October  and  November  1991,  prior  to 
ES  involvement.  One  vent  well  and  two  vapor  monitoring  points  were  installed, 
along  with  one  groundwater  monitoring  well. 

ES  installed  a  single  blower  unit  at  Site  214.1  at  the  location  shown  in  the  test 
work  plan.  Figure  2.1  depicts  the  actual  location  of  the  blower  unit  installed  at  Site 
214.1. 

Soils  on  this  site  consisted  of  alternating  layers  of  sand,  silty  sand,  and  gravel. 
Groundwater  occurs  at  a  depth  of  approximately  150  feet  bgs  and  is  not  believed  to 
be  affected  by  solvent  contamination  from  the  former  UST. 

2.1.1  Air-Extraction  Vent  Well 

The  air-extraction  vent  well,  designated  as  SB214A-01,  was  installed  by  another 
Air  Force  contractor  following  procedures  described  in  the  protocol  document 
(Hinchee  et.al.,  1992).  The  location  of  the  vent  well  is  illustrated  in  Figure  2.1,  and 
construction  details  for  the  vent  well  can  be  found  in  Appendix  A.  The  vent  well 
was  constructed  using  4-inch  diameter  PVC  casing  with  55  feet  of  screen  with  0.010- 
inch  slot  size  installed  from  5  to  60  feet  bgs.  The  annular  space  between  the  well 
casing  and  borehole  was  filled  with  10-20  silica  sand.  Three  feet  of  bentonite  slurry 
were  placed  above  the  sand,  followed  by  a  cement-bentonite  grout  to  the  ground 
surface  (Montgomery,  December,  1991a). 

The  configuration  of  the  well  screen  complicated  in  situ  respiration  testing,  and 
will  reduce  the  efficiency  of  the  bioventing  system.  Although  the  vent  well  is 
screened  to  a  depth  of  60  feet  bgs,  hydrocarbon  contamination  appeared  to  be 
limited  to  the  upper  43  feet  of  the  soil  column.  Thus,  the  extraction  system  will 
provide  soil  gas  flow  through  a  non-contaminated  soil  zone  43  to  60  feet  bgs,  a  zone 
that  does  not  need  to  be  oxygenated.  Soil  gas  samples  collected  from  the  vent  well 
were  high  in  oxygen  content.  The  oxygen  in  these  samples  likely  originated  in 
deeper  non-contaminated  soils  and  may  have  masked  oxygen  consumption  in  the 
upper  contaminated  layer,  had  a  respiration  test  been  performed  at  the  vent  well. 
In  an  attempt  to  overcome  this  testing  problem,  a  new  soil  gas  probe,  designated  as 
MP1,  was  installed  and  used  rather  than  the  vent  well  to  conduct  in  situ  respiration 
testing. 

2.1.2  Monitoring  Points 

The  monitoring  points  at  Site  214.1  were  also  installed  in  October  and  November 
1991  by  another  Air  Force  subcontractor  prior  to  ES  involvement.  Each  point  was 
constructed  using  0.25-inch  flexible  Latex®  or  rubber  tubing.  Soil  gas  could  not  be 
extracted  from  the  monitoring  points  at  any  time  during  the  initial  pilot  test.  It  is 
likely  that  the  tubing  had  been  squeezed  shut  by  the  weight  of  the  sand  pack. 
Therefore,  soil  gas  monitoring  could  only  be  conducted  using  a  temporary  soil  gas 
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probe.  Probe  MP1  was  driven  to  a  depth  of  twelve  feet  at  a  location  five  feet  north 
of  the  vent  well  (Figure  2.1). 

2.1.3  Blower  Unit 

A  1-horsepower  Gast®  R4 110-2  regenerative  blower  unit  was  used  at  Site  214.1 
for  both  the  initial  pilot  test  and  the  extended  pilot  test.  An  air  extraction  system 
was  recommended  by  ES  to  prevent  the  possible  movement  of  hydrocarbon  vapors 
into  Building  214.  As  levels  of  soil  gas  hydrocarbon  vapors  decrease  on  the  site,  a 
switch  to  an  air  injection  system  is  anticipated.  The  blower  unit  is  energized  by  115- 
volt,  single  phase,  30-amp  line  power  from  a  breaker  box  inside  Building  214.  The 
blower  is  not  currently  operating,  pending  the  completion  of  an  air  permit  to  allow 
the  short-term  extraction  of  hydrocarbon  vapors.  The  configuration, 
instrumentation  and  specifications  for  this  system  are  shown  on  Figure  2.2.  A  copy 
of  the  blower  operation  and  maintenance  checklist  provided  to  the  base  is  found  in 
Appendix  B. 

2.2  Soil  and  Soil  Gas  Sampling  Results 

Based  on  a  previous  site  investigation  (Montgomery,  December  1991a  and  July 
1992b),  hydrocarbon  contamination  appears  to  be  limited  to  an  area  immediately 
surrounding  the  UST.  Soil  borings  were  placed  on  all  four  sides  of  the  current  UST 
at  distances  from  5  to  20  feet  from  the  tank.  The  only  boring  where  hydrocarbon 
contamination  was  detected  was  SB214A-01,  the  location  of  the  vent  well.  At  this 
location,  a  laboratory  soil  sample  collected  from  11  to  12  feet  was  the  only  sample 
with  measurable  contamination.  TPH  was  detected  at  a  concentration  of  36,200 
mg/kg,  while  BTEX  compounds  were  also  detected  at  elevated  concentrations 
(Table  2.1).  Based  on  field  headspace  measurements,  the  vertical  extent  of  vapor 
contamination  appeared  to  be  43  feet  bgs.  The  laboratory  results  of  a  soil  sample 
from  44  to  45  feet  bgs  showed  no  detectable  contamination  (Montgomery, 
December  1991a). 

Laboratory  soil  gas  samples  were  collected  from  the  soil  gas  probe  MP1,  vent 
well  SB214A-01,  and  the  blower  unit  exhaust.  The  probe  was  purged  for  1  minute 
and  the  vent  well  was  purged  for  20  minutes  using  a  1-scfm  vacuum  pump  prior  to 
sample  collection.  Soil  gas  samples  were  shipped  by  Federal  Express®  to  Air 
Toxics,  Inc.  in  Rancho  Cordova,  California,  for  TPH  (referenced  to  JP-4  jet  fuel) 
and  BTEX  analyses  by  Method  TO-3.  The  results  of  these  analyses  are  provided  in 
Table  2.1. 

2.3  Exceptions  To  Test  Protocol 

Procedures  described  in  the  protocol  document  were  used  to  complete  the 
treatability  tests  at  Site  214.1.  Since  initial  oxygen  levels  on  this  site  were  not 
depleted  in  the  vent  well,  the  value  of  in  situ  respiration  and  helium  diffusion  data 
was  questionable.  Therefore,  no  helium  injection  was  performed  at  this  site.  Site 
214.1  is  only  between  200  and  300  feet  southwest  of  Site  204.1,  and  the  soil 
characteristics  at  these  two  sites  are  similar.  Therefore,  helium  data  obtained  at 
Site  204.1  was  deemed  sufficient  to  define  diffusion  rates  at  Site  214.1.  Because  the 
existing  monitoring  points  could  not  be  used  to  extract  soil  gas  samples,  one  soil  gas 
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TABLE  2.1 
SITE  214.1 

SOIL  AND  SOIL  GAS  ANALYTICAL  RESULTS 


Analyte  (Units)  a/ 


Sample  Location  (feet  bgs) 


Soil  Hydrocarbons  b / 

SB214A-01  111-121 

SB214A-01  144-451 

SB214A-01  157-581 

TPH  (mg/kg) 

36200 

<10 

<10 

Benzene  (mg/kg) 

<50 

<10 

<10 

Toluene  (mg/kg) 

1150 

<10 

<10 

Ethylbenzene  (mg/kg) 

5840 

<10 

<10 

Xylenes  (mg/kg) 

17300 

<10 

<10 

Soil  Gas  Hydrocarbons 

SB214A-01  15-601 

VW-EXH  cl 

TPH  (ppmv)  d/ 

960 

8.1 

840 

Benzene  (ppmv) 

0.019 

NDe/ 

0.006 

Toluene  (ppmv) 

0.076 

ND 

0.2 

Ethylbenzene  (ppmv) 

0.52 

ND 

0.11 

Xylenes  (ppmv) 

0.51 

ND 

0.23 

Soil  Physical  Parameters  b/ 

SB214A-01  1201 

SB214A-01  140.51 

Moisture  (%  wt.) 

7.5 

9.9 

Gravel  (%) 

39 

0 

Sand  (%) 

51 

65.5 

Silt  (%) 

6.5 

25.5 

Clay  (%) 

3.5 

9 

a /  mg/kg=milligrams  per  kilogram;  ppmv-parts  per  million,  volume  per  volume. 

b /  Montgomery,  December  1991a. 

c/  Sample  of  the  well  exhaust,  collected  on  23  July  1992. 

d/  TPH  referenced  to  Jet  Fuel  (molecular  weight- 156). 

e/  ND=Not  detected. 
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probe,  designated  as  MP1,  was  used  in  respiration  and  permeability  testing.  The 
probe  was  set  at  a  depth  of  12  feet  bgs  for  both  tests. 

The  sequence  of  in  situ  respiration  testing  and  soil  gas  permeability  testing  was 
reversed  due  to  the  delayed  shipment  of  the  blower  unit.  Although  the  respiration 
test  was  performed  first,  enough  time  was  allowed  for  soil  gas  to  return  to  initial 
conditions  before  the  start  of  the  soil  gas  permeability  test. 

2.4  Test  Results 

2.4.1  Initial  Soil  Gas  Chemistiy 

Prior  to  the  initiation  of  air  injection  or  extraction  at  Site  214.1,  the  vent  well  and 
the  soil  gas  probe  were  sampled  to  determine  initial  oxygen,  carbon  dioxide,  and 
TVH  concentrations  in  the  soil  gas.  The  vent  well  was  sampled  on  7  July  1992  and 
was  purged  for  twenty  minutes  prior  to  sampling.  The  soil  gas  probe  was  sampled 
on  14  July  1992.  The  probe  was  purged  for  one  minute  prior  to  the  collection  of 
each  sample,  and  soil  gas  samples  were  collected  at  depths  of  6,  9,  and  12  feet  bgs  as 
the  probe  was  being  driven  into  position.  Samples  were  analyzed  using  portable  soil 
gas  analyzers  described  in  the  protocol  document.  Table  2.2  summarizes  the  initial 
soil  gas  chemistry  at  Site  214.1.  The  oxygen  concentration  of  8.7  percent  at  the  vent 
well  is  representative  of  oxygen  levels  throughout  the  vent  well  screened  interval  of 
5  feet  to  60  feet  bgs.  The  depth  of  contamination  is  limited  to  43  feet  bgs.  The 
oxygen  in  the  vent  well  sample  is  suspected  to  come  mainly  from  deeper,  non- 
contaminated  soils.  At  the  soil  gas  probe,  the  sample  from  six  feet  bgs  has  an 
oxygen  content  of  13.2  percent,  possibly  indicating  that  soil  at  this  depth  is  above  the 
contaminated  zone.  Oxygen  was  detected  at  3.5  percent  and  5  percent  at  depths  of  9 
and  12  feet  bgs,  respectively.  This  seems  to  indicate  that  soils  at  these  depths  are 
contaminated  and  that  biological  activity  is  occurring,  but  oxygen  is  diffusing  in  from 
nearby  non-contaminated  soils  at  rates  high  enough  to  prevent  complete  oxygen 
depletion.  It  is  possible  that  anaerobic  zones  exist  at  Site  214.1  in  soil  near  the 
center  of  the  contaminated  zone.  However,  there  are  insufficient  soil  gas 
monitoring  points  on  the  site  to  pinpoint  the  anaerobic  soil  volume. 

2.4 2  Soil  Gas  Permeability 

A  soil  gas  permeability  test  was  conducted  according  to  protocol  procedures.  Air 
was  extracted  at  a  rate  of  approximately  71  scfm  and  an  average  well  head  vacuum 
of  approximately  8  inches  H2O.  The  vacuum  response  at  the  soil  gas  probe  is 
recorded  in  Table  2.3.  Due  to  the  rapid  response  and  relatively  short  time  to  steady 
state  conditions,  the  steady  state  method  of  determining  soil  gas  permeability  was 
selected.  As  discussed  in  the  protocol  document,  the  dynamic  method  of 
determining  soil  gas  permeability  that  is  coded  in  the  Hyperventilate®  model  is  not 
appropriate  for  soils  which  reach  steady  state  in  less  than  10  minutes.  Using  the 
steady  state  method,  a  soil  gas  permeability  value  of  10-20  darcies  is  estimated  for 
the  site  soils.  A  radius  of  pressure  influence  and  a  site-specific  darcy  value  could  not 
be  calculated  because  pressure  response  could  only  be  measured  at  MP1. 
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TABLE  2.2 
SITE  214.1 

INITIAL  SOIL  GAS  CHEMISTRY 


Monitoring  Point 

Depth  (ft  bgs) 

02  (%) 

C02  (%) 

TVH  (ppmv) 

SB214A-01 

5-60 

8.7 

9.4 

200 

MP1 

6 

13.2 

6.5 

76 

MP1 

9 

3.5 

14.5 

130 

MP1 

12 

5 

12.7 

240 
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TABLE  2.3 
SITE  214.1 

VACUUM  RESPONSE 
AIR  PERMEABILITY  TEST 


Elapsed 

Time  (min) 

Vacuum  Response 
at  MP1,  12  ft  bgs 
(inches  of  water) 

i 

0.6 

3 

0.82 

4 

0.9 

5 

0.95 

6 

0.95 

7 

1 

9 

1.1 

10 

1.1 

11 

1.12 

12 

1.1 

IS 

1.17 

23 

1.16 

31 

1.1 

41 

1.17 

52 

1.1 

60 

1.21 

110 

1.1 

246 

1.15 

1346 

1.3 

1741 

1.3 
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2.4.3  Oxygen  Influence 

The  depth  and  radius  of  oxygen  increase  in  the  subsurface  resulting  from  air 
extraction  in  the  central  vent  well  is  the  primary  design  parameter  for  bioventing 
systems.  Optimization  of  full-scale  and  multiple  vent  well  systems  requires  pilot 
testing  to  determine  the  volume  of  soil  which  can  be  oxygenated  at  a  given  flow  rate 
and  vent  well  screen  configuration. 

Table  2.4  describes  the  change  in  soil  gas  oxygen  levels  that  occurred  during  a  22 
hour  air  extraction  period  at  the  Site  214.1  vent  well.  This  relatively  brief  air 
extraction  of  71  scfm  produced  significant  oxygen  increases  at  soil  gas  probe  MP1, 
and  in  the  vent  well  exhaust.  Since  the  monitoring  points  could  not  be  used,  it  was 
not  possible  to  observe  changes  in  soil  gas  oxygen  levels  at  greater  distances  from 
the  vent  well. 

2.4.4  In  Situ  Respiration  Rates 

In  situ  respiration  testing  was  performed  at  soil  gas  probe  MP1  located  5  feet 
north  of  the  vent  well.  The  soil  gas  probe  was  driven  to  a  total  depth  of  12  feet  bgs, 
which  corresponds  to  the  depth  at  which  the  highest  laboratory  soil  TPH 
concentration  had  been  detected.  A  respiration  test  was  not  conducted  at  the  vent 
well,  as  oxygen  from  deeper,  non-contaminated  soils  may  have  masked  oxygen 
consumption  occurring  in  shallow  contaminated  soils. 

The  results  of  in  situ  respiration  testing  at  Site  214.1  are  presented  in  Figure  2.3. 
Oxygen  loss  at  MP1  was  linear  with  time,  and  occurred  at  a  rate  of  0.005 
percent/minute.  Because  helium  injection  was  not  performed  at  Site  214.1, 
diffusion  rates  measured  at  Site  204.1  were  used.  Table  2.5  provides  a  summary  of 
the  observed  and  corrected  oxygen  utilization  rates  for  Site  214.1. 

Based  on  the  oxygen  utilization  rates  observed  at  soil  gas  probe  MP1  and  the  soil 
moisture  content  at  SB214A-01  from  11  to  12  feet  bgs,  an  estimated  0.35  milligrams 
of  hydrocarbon  solvent  per  kilogram  of  soil  can  be  degraded  each  day  on  this  site. 
This  estimate  is  based  on  a  conservative  ratio  of  3.5  milligrams  of  oxygen  consumed 
for  every  1  milligram  of  solvent  degraded.  The  soil  moisture  content  had  a 
significant  impact  on  the  air-filled  porosity  of  the  soil  and  the  estimated  solvent 
degradation  rate  at  MP1.  The  soil  moisture  content  from  11  to  12  feet  bgs  at  the 
vent  well  was  19.0  percent,  and  the  estimated  air-filled  porosity  was  only  .04  liters 
air/liters  soil.  At  other  locations,  soil  moisture  typically  ranged  from  5  to  10 
percent.  Also,  the  solvent  biodegradation  rate  is  conservative  because  MP1  was  not 
completed  in  highly  contaminated  soil.  The  laboratory  soil  gas  TPH  concentration 
at  MP1  was  8.1  ppmv,  as  compared  to  960  ppmv  of  TPH  at  the  vent  well  (Table  2.1). 
Biodegradation  rates  will  typically  be  higher  in  more  heavily  contaminated  soils. 

2.5  Recommendations 

Initial  bioventing  tests  on  this  site  indicate  that  air  extraction  is  an  effective 
method  of  increasing  oxygen  levels  in  soil  gas  and  potentially  increasing  aerobic  fuel 
biodegradation.  AFCEE  has  recommended  that  bioventing  continue  on  this  site  to 
determine  the  long  term  radius  of  oxygen  influence  and  the  effect  of  time,  available 
nutrients  and  changing  temperatures  on  fuel  biodegradation  rates. 
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TABLE  2.4 
SITE  214.1 

INFLUENCE  OF  AIR  EXTRACTION  ON  VENT  WELL 
AND  MONITORING  POINT  OXYGEN  LEVELS 


Monitoring 

Point 

Distance  From 
Vent  Well  (ft) 

Depth 
(feet  bgs) 

Initial  02(%) 

Final  02(%) 

MPl 

5 

12 

10 

17.4 

SB214A-01 

NAa/ 

5-60 

8.7 

16.6  b/ 

a/  NA  =  Not  applicable, 
b/  Sample  of  the  vent  well  exhaust. 
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A  small  regenerative  blower  has  been  installed  on  the  site  (Figure  2.1)  to 
continue  a  low  rate  of  air  extraction.  Laboratory  analysis  of  vent  well  exhaust 
indicates  initial  TVH  concentrations  of  840  ppmv  can  be  expected  in  the  soil  gas. 
To  prevent  the  possible  movement  of  those  vapors  into  nearby  buildings  or  utility 
corridors,  the  system  will  be  operated  as  an  extraction  system  until  TVH 
concentrations  are  reduced  to  less  than  100  ppmv  levels.  At  this  time,  the  blower 
piping  will  be  reversed  to  inject  air  into  the  soil  and  eliminate  any  additional 
emission  to  the  atmosphere.  In  December  of  1992,  ES  will  return  to  the  site  to 
sample  and  analyze  the  soil  gas  and  conduct  a  repeat  respiration  test.  The 
reconfiguration  of  the  system  from  extraction  to  injection  could  be  completed  at  this 
time.  In  July  of  1993,  a  final  respiration  test  will  be  completed  and  soil  and  soil  gas 
samples  collected  from  the  site  to  determine  the  degree  of  remediation  achieved 
during  the  first  year. 

Based  on  the  results  of  the  first  year  of  bioventing,  AFCEE  will  recommend  one 
of  two  options: 

1.  Continued  operation  of  the  bioventing  system  for  full-scale  remediation  of  the 
site. 

2.  If  significant  difficulties  or  poor  results  are  encountered  within  bioventing  on 
this  site,  AFCEE  could  recommend  the  removal  of  the  blower  system  and 
proper  abandonment  of  the  vent  well. 

3.0  SITE  228 

3.1  Pilot  Test  Design 

The  following  sections  describe  the  final  design  and  installation  of  the  bioventing 
system  at  Site  228.  The  vent  well  and  vapor  monitoring  point  were  installed  by 
another  Air  Force  contractor  in  March  and  May  1992,  prior  to  ES  involvement.  ES 
installed  a  blower  system  in  July  1992,  in  the  location  specified  in  the  test  work  plan. 
Figure  3.1  depicts  the  actual  location  of  the  blower  unit  at  Site  228. 

Soils  on  Site  228  consist  of  fine-  to  medium-grained  sand  with  occasional  thin  clay 
lenses.  Groundwater  occurs  at  109  feet  bgs,  and  is  not  impacted  by  hydrocarbon 
contamination  from  the  USTs  (Montgomery,  July  1992c). 

3.1.1  Air-Iiyection  Vent  Well 

The  air-injection  vent  well  was  installed  in  May  1992  by  another  Air  Force 
contractor  following  procedures  described  in  the  protocol  document  (Hinchee  et  al., 
1992).  The  location  of  the  vent  well  is  illustrated  in  Figure  3.1,  and  construction 
details  for  the  vent  well  can  be  found  in  Appendix  A  The  Air  Force  has  designated 
the  vent  well  as  T-228-2-VW-U-92-HF.  For  purposes  of  simplicity,  the  vent  well  is 
designated  "VW"  throughout  the  remainder  of  the  section.  The  vent  well  was 
installed  in  a  borehole  near  the  northeast  corner  of  Building  228,  where 
hydrocarbon  contamination  had  been  detected  in  a  soil  sample  taken  from  27.5  to 
28  feet  bgs  (Figure  3.1).  The  vent  well  had  been  constructed  using  4-inch  diameter 
PVC  casing  with  0.020-inch  screen  extending  from  10  to  40  feet  bgs.  The  annular 
space  between  the  casing  and  borehole  was  filled  with  8-12  silica  sand  to 
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approximately  2  feet  above  the  well  screen.  Two  feet  of  bentonite  was  placed  above 
the  sand,  followed  by  a  cement  grout  to  the  ground  surface  (Montgomery,  July 
1992c). 

3.1.2  Monitoring  Point 

One  vapor  monitoring  point,  designated  by  the  Air  Force  as  T-228-1-VP-U-92- 
HF,  was  installed  in  March  1992  by  another  Air  Force  contractor  following 
procedures  described  in  the  protocol  document.  The  monitoring  point  is  referred  to 
as  "MP"  throughout  the  remainder  of  the  section.  The  location  of  the  MP  is 
illustrated  in  Figure  3.1,  and  construction  details  for  the  MP  can  be  found  in 
Appendix  A.  The  MP  was  installed  in  a  borehole  near  the  southwest  corner  of 
Building  227  (Figure  3.1).  The  screen  consisted  of  a  1-foot  section  of  PVC  well 
screen  2  inches  in  diameter,  and  was  installed  from  28  to  29  feet  bgs,  the  interval  at 
which  hydrocarbon  contamination  had  been  detected  in  a  laboratory  soil  sample.  A 
section  of  0.25-inch  inside  diameter  rigid  plastic  tubing  extends  from  the  monitoring 
point  to  the  ground  surface,  where  a  flush-mounted  well  head  cover  protects  the 
point. 

3.1.3  Blower  Unit 

A  1-horsepower  Gast®  R4 110-2  regenerative  blower  unit  was  used  at  Site  228 
for  both  the  initial  and  extended  pilot  tests.  The  blower  unit  is  energized  by  110- 
volt,  single  phase,  30-amp  line  power  from  a  breaker  box  on  the  west  side  of 
Building  228  (Figure  3.1).  An  explosion-proof  starter,  disconnect  switch,  and 
conduit  were  installed  according  to  NEC  code  for  Class  I,  Division  I  areas.  The 
configuration,  instrumentation,  and  specifications  for  this  system  are  shown  on 
Figure  3.2.  The  blower  is  currently  operating  at  a  wellhead  pressure  of  6  inches 
H20  and  66  scfm.  A  portion  of  this  air  flow  is  being  diverted  from  the  system 
through  the  bleed  valve.  The  bleed  valve  is  open  1.5  turns  to  optimize  and  minimize 
the  flow  of  air  being  injected  into  the  soil.  By  reducing  the  air  injection  rate,  the 
subsurface  transport  of  volatile  contaminants  through  the  soil  gas  is  minimized  and 
the  risk  of  explosive  vapor  accumulation  in  confined  spaces  is  minimized.  A  copy  of 
the  blower  operation  and  maintenance  check  list  provided  to  the  base  is  found  in 
Appendix  B. 

3.2  Soil  and  Soil  Gas  Sampling  Results 

Based  on  the  site  investigation  by  James  M.  Montgomery,  Inc.  (July  1992c),  the 
vertical  extent  of  contamination  appears  to  be  limited  to  approximately  34  feet  bgs. 
No  contamination  was  detected  in  T-228-3-BH-U-HF,  roughly  40  feet  west  of  the 
USTs,  suggesting  that  the  areal  extent  of  contamination  may  be  limited  within  a  40- 
foot  radius  from  the  USTs  (Montgomery,  July  1992c).  Soil  analytical  results  are 
summarized  in  Table  3.1. 

Laboratory  soil  gas  samples  were  collected  from  the  monitoring  point  on  July  6, 
1992,  and  the  vent  well  on  July  7,  1992.  The  MP  was  purged  for  1  minute  and  the 
vent  well  was  purged  for  20  minutes  prior  to  sample  collection  using  a  1-scfm 
vacuum  pump.  Soil  gas  samples  were  shipped  via  Federal  Express®  to  Air  Toxics, 
Inc.  in  Rancho  Cordova,  California,  for  TPH  (referenced  to  JP-4  jet  fuel)  and 
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TABLE  3.1 
SITE  228 

SOIL  AND  SOIL  GAS  ANALYTICAL  RESULTS 


Analyte  (Units)  a / 


Sample  Location  (feet  bgs) 


Soil  Hydrocarbons  b/  MP  (28-28.5)  c/ 


VW  127.5-281  d/ 


TPH  (mg/kg) 

6500 

5000 

Benzene  (mg/kg) 

0.08 

1.2 

Toluene  (mg/kg) 

6.3 

12 

Ethylbenzene  (mg/kg) 

8.1 

6.1 

Xylenes  (mg/kg) 

260 

220 

Soil  Gas  Hydrocarbons 

MP  128-291 

MP  128-291 
(lab  duplicate) 

VW  (10-401 

TPH  (ppmv)  e/ 

2500 

2900 

42 

Benzene  (ppmv) 

1.6 

1.5 

0.06 

Toluene  (ppmv) 

4.4 

4.4 

0.00 

Ethylbenzene  (ppmv) 

1.7 

1.7 

0.00 

Xylenes  (ppmv) 

9.2 

9.7 

0.01 

Soil  Physical  Parameters  b/ 

VW  (20-20.51 

VW  (41-41.51 

Moisture  (%  wt.) 

6.9 

16.5 

Gravel  (%) 

0 

0 

Sand  (  %  ) 

94 

68 

Silt  (%) 

2 

25 

Clay  (%) 

4 

7 

a /  mg/kg=milligrams  per  kilogram;  ppmv=parts  per  million,  volume  per  volume. 

b/  Montgomery,  July  1992c. 

cl  MP  =  Monitoring  Point  T-228-1-VW-92-HF. 

dl  VW  =  Vent  Well  T-228-2-BH-92-HF. 

e/  TPH  referenced  to  Jet  Fuel  (molecular  weight=156). 
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BTEX  analyses  by  Method  TO-3.  The  results  of  these  analyses  are  provided  in 
Table  3.1.  A  laboratory  duplicate  sample  from  the  MP  was  analyzed.  Results 
matched  the  primary  sample  very  closely,  indicating  highly  precise  analyses.  The 
soil  gas  sample  from  the  VW  contained  TPH  at  a  concentration  of  only  42  ppmv. 
The  VW  is  screened  between  10  and  40  feet  bgs,  and  the  soil  gas  TPH  concentration 
represents  an  average  concentration  over  this  interval.  The  low  TPH  concentration 
from  the  vent  well  suggests  that  only  a  thin  zone  of  soil  in  the  screened  interval  is 
contaminated. 

3.3  Exceptions  to  Test  Protocol 

Procedures  described  in  the  protocol  document  were  used  to  complete 
treatability  tests  at  Site  228,  with  the  following  exceptions.  The  first  in  situ 
respiration  test  was  performed  before  the  air  permeability  test,  which  is  in  reverse 
order  to  the  protocol  procedure.  No  negative  impacts  were  observed;  sufficient 
time  was  allowed  for  the  soil  gas  to  return  to  initial  conditions  before  the  air 
permeability  test  was  started. 

Air  and  helium  injection  prior  to  the  first  respiration  test  was  performed  using  an 
alternative  method  to  that  specified  in  the  protocol  document.  Air  and  helium  were 
injected  by  metering  two  premixed  230  cubic  foot  cylinders  containing  1.5  percent 
helium  and  98.5  percent  air  into  the  monitoring  point.  It  was  difficult  to  maintain  a 
constant  gas  bleed  rate  using  the  SR250D  regulators.  The  second  respiration  test 
was  performed  by  oxygenating  contaminated  soil  using  the  blower  unit  rather  than 
the  small  1-scfm  vacuum  pumps. 

In  many  cases,  it  was  not  possible  to  purge  the  vent  well  and  the  monitoring  point 
according  to  protocol  procedures.  During  both  respiration  tests,  airplane  fuel  tanks 
were  being  purged  onsite  and  the  1-scfm  purge  pumps  could  not  be  used  due  to  the 
explosion  hazard.  Therefore,  purging  was  performed  by  using  the  small  internal 
pump  of  the  O2/CO2  analyzer.  Respiration  results  were  only  obtained  for  the 
monitoring  point;  the  casing  volume  of  the  vent  well  is  much  too  large  to  purge 
using  the  small  pump  within  the  02/C02  meter.  Inconsistencies  observed  during 
respiration  testing  at  Site  228  may  be  partly  attributed  to  this  undesirable  purging 
method.  Future  respiration  testing  will  attempt  to  overcome  this  purging  limitation. 

3.4  Test  Results 

3.4.1  Initial  Soil  Gas  Chemistry 

Prior  to  initiating  air  injection  at  Site  228,  soil  gas  from  the  vent  well  and  the 
monitoring  point  was  sampled  to  determine  initial  oxygen,  carbon  dioxide,  and  TVH 
concentrations.  The  vent  well  was  purged  for  20  minutes  and  the  monitoring  point 
was  purged  for  1  minute  using  a  1-scfm  purge  pump  prior  to  sample  collection.  Gas 
samples  were  analyzed  using  portable  gas  analyzers  described  in  the  protocol 
document.  Table  3.2  summarizes  the  initial  soil  gas  chemistry  at  Site  228.  Oxygen 
was  depleted  but  not  absent  at  both  locations,  indicating  the  presence  of  biological 
activity,  and  also  suggesting  that  oxygen  may  be  diffusing  into  contaminated  regions 
from  nearby  clean  soils.  The  field  TVH  detection  at  the  vent  well  was  only  82 
ppmv,  indicating  that  only  a  thin  interval  of  soil  is  contaminated  in  the  screened 
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TABLE  3.2 
SITE  228 

INITIAL  SOIL  GAS  CHEMISTRY 


Monitoring  Point 

Depth  (ft  bgs) 

02  (%) 

C02  (%) 

TVH  (ppmv) 

MP 

28-29 

4.8 

12 

1250 

VW 

10-40 

6.3 

10.7 

82 
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interval  of  the  vent  well.  Both  the  vent  well  and  the  monitoring  point  are  on  the 
periphery  of  the  UST  locations.  Anaerobic  soil  zones  may  exist  underneath  the 
abandoned  USTs,  where  hydrocarbon  contamination  may  be  present  at  higher 
concentrations.  However,  there  are  insufficient  soil  gas  monitoring  points  on  the 
site  to  pinpoint  the  anaerobic  soil  volume. 

3.4.2  Soil  Gas  Permeability 

A  soil  gas  permeability  test  was  conducted  according  to  protocol  procedures.  Air 
was  injected  into  the  VW  at  a  rate  of  approximately  78  scfm  and  an  average 
pressure  of  approximately  8  inches  H20.  The  pressure  response  at  the  monitoring 
point  is  listed  in  Table  3.3.  Due  to  the  rapid  response  and  relatively  short  time  to 
steady-state  conditions,  the  steady-state  method  of  determining  soil  gas  permeability 
was  selected.  As  discussed  in  the  protocol,  the  dynamic  method  of  determining  soil 
gas  permeability  that  is  coded  in  the  Hyperventilate®  model  is  not  appropriate  for 
soils  that  reach  steady  state  in  less  than  10  minutes.  Using  the  steady-state  method, 
a  soil  gas  permeability  value  of  30  to  40  darcies  was  estimated. 

3.4.3  Oxygen  Influence 

The  depth  and  radius  of  oxygen  increase  in  the  subsurface  resulting  from  air 
injection  in  the  central  vent  well  is  the  primary  design  parameter  for  bioventing 
systems.  Optimization  of  full-scale  and  multiple  vent  well  systems  requires  pilot 
testing  to  determine  the  volume  of  soil  which  can  be  oxygenated  at  a  given  flow  rate 
and  vent  well  screen  configuration. 

Table  3.4  describes  the  change  in  soil  gas  oxygen  levels  that  occurred  during  27.5 
hours  of  air  injection  into  the  Site  228  vent  well  at  an  average  flow  rate  of  78  scfm. 
This  relatively  brief  air  injection  period  produced  a  radius  of  oxygen  influence  of  at 
least  39  feet  in  site  soils.  It  is  our  opinion  that  the  radius  of  oxygen  influence  for  a 
long-term  bioventing  system  on  this  site  will  exceed  39  feet  at  all  depths,  and  that 
the  entire  contaminated  region  is  being  supplied  with  oxygen.  Future  monitoring  at 
this  site  will  better  define  the  treatment  radius. 

3.4.4  In  Situ  Respiration  Rates 

The  results  of  in  situ  respiration  testing  at  Site  228  are  presented  in  Figures  3.3 
through  3.5.  Two  respiration  tests  were  performed  at  Site  228.  The  first  respiration 
test  was  performed  on  7-9  July,  1992,  and  the  second  test  was  performed  on  25-27 
July  1992.  Anomalous  results  were  obtained  during  both  respiration  tests. 
Measured  oxygen  and  helium  concentrations  tended  to  fluctuate,  rather  than 
decrease  in  a  linear  fashion.  The  inconsistencies  observed  during  respiration  testing 
at  Site  228  may  be  partly  attributed  to  the  undesirable  purging  method  that  was 
used.  During  respiration  testing,  it  was  not  possible  to  purge  the  vent  well  and  the 
monitoring  point  according  to  protocol  procedures.  Hill  AFB  personnel  would  not 
allow  the  use  of  the  1-scfm  purge  pumps  due  to  the  possible  explosion  hazard. 
Therefore,  purging  was  performed  using  the  small  internal  pump  of  the  02/C02 
analyzer.  It  is  not  likely  that  the  small  pump  in  the  02/C02  meter  provides  enough 
air  flow  for  consistent  purging. 
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TABLE  3.3 
SITE  228 

PRESSURE  RESPONSE 
AIR  PERMEABILITY  TEST 


Elapsed 

Time  (min) 

Pressure  Response 
at  MP, 28-29  ft  bgs 
(inches  of  water) 

0 

0.2 

2 

0.5 

3 

0.6 

4 

0.7 

6 

0.75 

8 

0.75 

10 

0.8 

13 

0.8 

19 

0.85 

23 

0.9 

38 

0.9 

48 

0.9 

68 

0.9 

88 

0.85 

103 

0.85 

118 

0.85 

153 

0.65 

178 

0.6 

203 

0.6 

238 

0.55 

253 

0.45 

283 

0.7 

303 

0.8 

1078 

0.45 

1643 

0.65 
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TABLE  3.4 
SITE  228 

INFLUENCE  OF  AIR  INJECTION  AT  VENT  WELL 
ON  MONITORING  POINT  OXYGEN  LEVELS 


Monitoring 

Distance  From 

Depth 

Point 

Vent  Well  (ft) 

(feet  bgs) 

Initial  02(%) 

Final  02(%) 

MP 

38.83 

28-29 

8.4 

19.5 

-38- 


Figure  3.3 

Respiration  Test  on  7-9  July  1992 
Site  228  -  Monitoring  Point 
Hill  AFB,  Utah 
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Oxygen  consumption  rates,  diffusion  rates,  and  fuel  degradation  rates  were 
estimated  using  data  from  the  first  1,500  minutes  of  the  in  situ  respiration  test 
performed  on  7-9  July  1992  (Figures  3.3  and  3.4).  In  general,  data  obtained  during 
this  test  was  more  consistent  than  the  data  obtained  during  testing  on  25-27  July 
1992  (Figure  3.5).  The  greatest  inconsistency  during  the  test  on  7-9  July  1992  was 
the  data  obtained  1,600  minutes  after  the  start  of  the  respiration  test.  Oxygen  levels 
had  been  decreasing  linearly  (Figure  3.3),  and  had  been  measured  at  5.9  percent  at 
1,100  minutes.  At  1,600  minutes  the  oxygen  level  had  increased  to  13.2  percent,  and 
the  result  was  reproducible.  Also,  helium  was  detected  at  only  0.13  percent  at  1,600 
minutes,  the  lowest  concentration  obtained  during  the  test  (Figure  3.4).  The 
combination  of  the  high  oxygen  level  and  low  helium  concentration  suggests  that 
leakage  may  have  occurred  during  sample  collection  at  1,600  minutes,  allowing 
atmospheric  oxygen  into  the  samples  and  allowing  the  release  of  helium  from  the 
sample.  Thus,  data  collected  at  1,600  minutes  was  not  used  in  estimating  oxygen 
consumption  rates. 

During  the  respiration  test  performed  on  7-9  July  1992,  helium  diffusion  at  the 
monitoring  point  resulted  in  a  fractional  loss  of  approximately  47  percent  of  the 
initial  helium  concentration  in  the  first  1,500  minutes  of  the  test  (Figure  3.4).  Due 
to  its  greater  molecular  weight,  oxygen  will  diffuse  approximately  three  times  slower 
than  helium.  This  means  that  at  the  monitoring  point,  approximately  16  percent  of 
the  initial  oxygen  may  have  been  lost  due  to  diffusion  during  the  initial  1,500 
minutes.  Table  3.5  provides  a  summary  of  the  observed  and  corrected  oxygen 
utilization  rates  for  Site  228. 

Based  on  the  oxygen  utilization  rates  observed  at  the  monitoring  point  during  the 
initial  1500  minutes,  an  estimated  4.18  milligrams  of  fuel  per  kilogram  of  soil  can  be 
degraded  each  day  on  this  site.  This  estimate  is  based  on  an  average  air-filled 
porosity  of  .095  liters  per  kilogram  of  soil  and  a  conservative  ratio  of  3.5  milligrams 
of  oxygen  consumed  for  every  1  milligram  of  fuel  degraded. 

3.5  Recommendations 

Initial  bioventing  tests  on  this  site  indicate  that  oxygen  has  been  depleted  in 
contaminated  soils  and  that  air  injection  is  an  effective  method  of  increasing  aerobic 
fuel  biodegradation.  AFCEE  has  recommended  that  air  injection  continue  on  this 
site  to  determine  the  long-term  radius  of  oxygen  influence  and  the  effect  of  time, 
available  nutrients  and  changing  temperatures  on  fuel  biodegradation  rates. 

A  small  regenerative  blower  has  been  installed  on  the  site  (Figure  3.1)  to 
continue  a  low  rate  of  air  injection.  In  December  of  1992,  ES  will  return  to  the  site 
to  sample  and  analyze  the  soil  gas  and  conduct  a  repeat  respiration  test.  To 
improve  respiration  test  results,  the  well  purging  method  outlined  in  the  protocol 
document  will  be  used.  Arrangements  will  be  made  in  advance  to  conduct  the  test 
when  airplane  fuel  tanks  are  not  being  purged  and  there  is  no  explosion  hazard.  In 
July  of  1993,  a  final  respiration  test  will  be  completed  and  soil  gas  samples  collected 
from  the  site  to  determine  the  degree  of  remediation  achieved  during  the  first  year. 
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Based  on  the  results  of  the  first  year  of  bioventing,  AFCEE  will  recommend  one 
of  three  options: 

1.  Continued  operation  of  the  bioventing  system  for  full-scale  remediation  of  the 
site.  AFCEE  can  assist  the  base  in  obtaining  regulatory  approval  for  upgrade 
and  continued  operation. 

2.  If  final  soil  sampling  indicates  significant  contaminant  removal  has  occurred, 
AFCEE  may  recommend  additional  sampling  to  confirm  that  clean  up 
criteria  have  been  achieved. 

3.  If  significant  difficulties  or  poor  results  are  encountered  within  bioventing  on 
this  site,  AFCEE  could  recommend  the  removal  of  the  blower  system  and 
proper  abandonment  of  the  vent  well. 

4.0  SITE  924 

4.1  Pilot  Test  Design 

The  following  sections  describe  the  final  design  and  installation  of  the  bioventing 
system  on  Site  924.  A  horizontal  venting  pipe  and  six  vapor  monitoring  points  were 
installed  in  the  former  UST  excavation  by  another  Air  Force  contractor  in  June 
1992,  prior  to  ES  involvement.  ES  installed  a  single  blower  unit  at  Site  924  in  July 
1992  at  the  location  indicated  in  the  test  work  plan.  Figure  4.1  depicts  the  actual 
locations  of  the  blower  unit,  venting  pipe,  and  vapor  monitoring  points  at  Site  924. 

Soils  at  this  site  consist  of  medium-grained,  coarse-grained,  and  well-sorted  sands 
to  depths  of  at  least  35  feet  bgs.  Groundwater  occurs  at  approximately  60  feet  bgs  at 
Site  924  (Montgomery,  December  1991b). 

4.1.1  Air-Injection  Venting  Pipe 

The  horizontal  air-injection  venting  pipe  was  installed  on  the  floor  of  the  former 
UST  excavation.  The  perforated  section  consisted  of  4-inch  drain  tile  with  a 
geofabric  wrap.  The  perforated  section  is  approximately  100  feet  long,  and  extends 
from  west  to  east  along  the  center  of  the  former  excavation.  The  west  end  of  the 
perforated  pipe  was  capped,  while  the  east  end  was  connected  to  non-perforated,  4- 
inch  diameter  ABS  pipe  that  comes  to  the  surface  west  of  Building  924  (Figure  4.1). 
The  depth  of  the  horizontal  perforated  section  is  approximately  12  feet  bgs. 

4.1.2  Monitoring  Points 

Six  monitoring  points  were  installed  in  the  former  UST  excavation  by  another  Air 
Force  subcontractor  prior  to  ES  involvement.  Each  monitoring  point  was 
constructed  with  a  1-foot  section  of  1-inch  diameter  PVC  well  screen  connected  to 
0.38-inch  outside  diameter  rigid  plastic  tubing.  Each  section  of  tubing  extends 
underground  from  its  respective  monitoring  point  to  the  west  side  of  Building  924, 
where  they  come  to  the  surface  (Figure  4.1).  At  the  surface,  the  tubing  runs  into  the 
blower  shed.  Each  section  of  tubing  is  labeled  with  metallic  tape  as  described  in  the 
protocol  document. 

The  four  monitoring  points  at  the  corners  of  the  excavation  (NW  Probe,  NE 
Probe,  SW  Probe,  and  SE  Probe)  were  installed  at  12  feet  bgs,  and  the  two 
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remaining  probes  (North  Probe  and  South  Probe)  were  installed  at  5  feet  bgs.  Each 
monitoring  point  is  approximately  15  to  25  feet  away  from  the  horizontal  vent  pipe. 

4.1.3  Blower  Unit 


_  A  2.5-horsepower  Gast®  5125-2  regenerative  blower  unit  was  installed  at  Site 
924,  and  was  used  for  both  the  initial  air  permeability  test  and  extended  pilot  test. 
The  blower  unit  is  powered  by  230-volt,  single-phase  line  power  from  an  existing 
breaker  box  on  the  north  side  of  Building  924.  The  configuration,  instrumentation! 
and  specifications  for  this  system  are  shown  on  Figure  4.2.  The  bleed  valve  is 
currently  open  1.5  turns  to  optimize  the  flow  rate  of  air  being  injected  in  to  the  soil. 
The  objective  is  to  oxygenate  the  entire  contaminated  area  with  the  lowest  possible 
air  injection  rate;  this  minimizes  the  vapor  transport  of  contaminants  through  the 
sou.  A  copy  of  the  blower  operation  and  maintenance  check  list  provided  to  the 
base  is  found  in  Appendix  B. 

4.2  Soil  and  Soil  Gas  Sampling  Results 

To  date,  no  soil  analytical  data  is  available,  and  the  extent  of  hydrocarbon 
contamination  at  Site  924  is  not  yet  fully  defined.  Laboratory  soil  gas  samples  were 
collected  from  the  vent  well  and  two  of  the  monitoring  points.  The  vent  well  was 
purged  for  20  minutes  prior  to  sampling,  and  each  monitoring  point  was  purged  for 
1  minute.  Soil  gas  samples  were  shipped  via  Federal  Express®  to  Air  Toxics,  Inc  in 
Rancho  Cordova,  California  for  TPH  and  BTEX  analyses  by  Method  TO-3  TPH 
miadyses  were  referenced  to  gasoline.  The  results  of  these  analyses  are  provided  in 
Table  4.1.  A  field  duplicate  sample  was  collected  from  the  SE  Probe  to  ascertain 
die  precision  of  laboratory  analytical  procedures  and  field  sampling  procedures. 

™>«dUPjCute  sampl.e  was  Emitted  to  the  laboratory  under  the  fictitious  name 
WP  ,  and  these  results  are  included  in  Table  4.1.  A  comparison  of  the  results  from 
the  primary  sample  and  the  duplicate  show  that  field  sample  collection  and 
laboratory  analyses  are  being  performed  in  a  precise  manner. 

4.3  Exceptions  to  Test  Protocol 


Procedures  contained  in  the  protocol  document  were  used  to  complete 
treatability  tests  at  Site  924.  Due  to  the  delayed  shipment  of  the  blower  unit  the 
sequence  of  in  situ  respiration  testing  and  soil  gas  permeability  testing  had  to  be 
reversed.  Although  the  respiration  test  was  performed  first,  enough  time  was 
provided  for  the  soil  gas  to  return  to  initial  conditions  prior  to  the  start  of  the  air 
permeability  test. 


Helium  injection  was  performed  using  an  alternative  to  the  protocol  method  as 
described  in  Section  1.3.  The  helium/air  mixture  was  bled  into  the  SE  Probe  over  a 
ten  hour  period  at  an  average  flow  rate  of  0.4  cfm 


At  Site  924,  the  monitoring  points  and  the  vent  well  were  constructed  in  a 
manner  that  differed  from  protocol  instructions.  The  vent  well  was  composed  of  a 
} Tc!r00t  sect!on  perforated  drain  tile,  set  horizontally  on  the  floor  of  the  former 
UST  excavation  while  it  was  still  open.  Four  monitoring  points  were  placed  in  the 
comers  of  the  excavation,  and  two  others  were  placed  on  the  sides.  The  excavation 
was  backfilled  with  fuel-contaminated  soil  that  had  been  removed  during  initial 
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TABLE  4.1 
SITE  924 

SOIL  GAS  ANALYTICAL  RESULTS 


Analyte  (Units)  a/ _ Sample  Location  (feet  bgs) 


Soil  Gas  Hydrocarbons 

Vent  Well 

SE  Probe 

South  Probe 

TPH  (ppmv)  cl 

13 

4700 

4900 

1800 

Benzene  (ppmv) 

0.016 

60 

62 

15 

Toluene  (ppmv) 

0.12 

140 

150 

30 

Ethylbenzene  (ppmv) 

0.013 

6.5 

6.8 

1 

Xylenes  (ppmv) 

0.16 

62 

65 

8.6 

a /  mg/kg=milligrams  per  kilogram;  ppmv=parts  per  million,  volume  per  volume, 
b/  Field  duplicate  labeled  as  WP  on  chain  of  custody  form, 
c/  TPH  referenced  to  Gasoline  (molecular  weight=100). 
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excavation  activity.  Sections  4.1.1  and  4.1.2  describe  the  construction  of  the  venting 
pipe  and  the  monitoring  points.  The  vent  well  and  monitoring  points  had  been 
installed  by  another  Air  Force  subcontractor  prior  to  ES  involvement. 

4.4  Test  Results 

4.4.1  Initial  Soil  Gas  Chemistry 

On  18  June  1992,  soil  gas  from  all  monitoring  points  and  the  vent  well  was 
sampled  to  determine  initial  oxygen,  carbon  dioxide,  and  TVH  concentrations.  The 
vent  well  was  purged  for  20  minutes  and  the  monitoring  points  were  purged  for  1 
minute  using  a  1-scfm  purge  pump  prior  to  sample  collection.  The  samples  were 
analyzed  in  the  field  using  portable  gas  analyzers  as  described  in  the  protocol. 
Table  4.2  summarizes  the  initial  soil  gas  chemistry  at  Site  924.  The  S  Probe  and  the 
SE  Probe  were  under  anaerobic  conditions  and  contained  TVH  at  concentrations  in 
excess  of  10,000  ppmv,  indicating  that  biological  fuel  degradation  was  occurring  in 
these  highly  contaminated  areas  on  the  south  side  of  the  former  UST  excavation. 
Oxygen  levels  on  the  north  side  of  the  excavation  ranged  from  9.5  percent  to  14.2 
percent.  This  may  indicate  that  fuel  biodegradation  is  also  occurring  at  these 
locations,  or  that  oxygen  may  be  lost  through  natural  diffusion  to  heavily 
contaminated  soils  on  the  south  side  of  the  excavation. 

4.4.2  Soil  Gas  Permeability 

A  soil  gas  permeability  test  was  conducted  according  to  protocol  procedures.  Air 
was  injected  into  the  vent  well  at  a  rate  of  approximately  77  scfm  and  an  average 
well  head  pressure  of  approximately  10  inches  H2O.  The  pressure  response  at  each 
monitoring  point  is  recorded  in  Table  4.3.  Due  to  the  rapid  response  and  relatively 
short  time  to  steady  state  conditions,  the  steady  state  method  of  determining  soil  gas 
permeability  was  selected.  As  discussed  in  the  protocol,  the  dynamic  method  of 
determining  soil  gas  permeability  that  is  coded  in  the  Hyperventilate®  model  is  not 
appropriate  for  soils  which  reach  steady  state  in  less  than  10  minutes.  Using  the 
steady  state  method,  a  soil  gas  permeability  value  of  15-25  darcies  was  estimated  for 
the  backfilled  soil.  It  was  not  possible  to  calculate  a  radius  of  pressure  influence  or 
a  site-specific  darcy  value,  because  the  distances  from  the  monitoring  points  to  the 
vent  well  are  not  known. 

4.4.3  Oxygen  Influence 

The  depth  and  radius  of  oxygen  increase  in  the  subsurface  resulting  from  air 
injection  in  the  central  vent  well  is  the  primary  design  parameter  for  bioventing 
systems.  Optimization  of  full-scale  and  multiple  vent  well  systems  requires  pilot 
testing  to  determine  the  volume  of  soil  which  can  be  oxygenated  at  a  given  flow  rate 
and  vent  well  screen  configuration. 

Table  4.4  describes  the  change  in  soil  gas  oxygen  levels  that  occurred  during  a  6.5 
hour  period  of  air  injection  into  the  Site  924  vent  well.  Significant  oxygen  increases 
occurred  at  all  locations,  indicating  that  the  entire  volume  of  backfilled  soil  is  being 
provided  with  oxygen.  It  is  also  likely  that  a  significant  volume  of  adjacent 
undisturbed  soil  is  also  being  oxygenated. 
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TABLE  4.2 
SITE  924 

INITIAL  SOIL  GAS  CHEMISTRY 


Monitoring  Point 

Depth  (ft  bgs) 

02  (%) 

C02  (%) 

TVH  (ppmv) 

Vent  Well 

12 

1.6 

13.8 

88 

SE 

12 

0 

19.5 

>10000 

S 

5 

0 

20 

>10000 

sw 

12 

4 

10.6 

110 

NE 

12 

14.2 

5.4 

190 

N 

5 

12.5 

7.3 

205 

NW 

12 

9.5 

6.8 

90 
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TABLE  4.3 
SITE  924 

PRESSURE  RESPONSE  AT  MONITORING  POINTS 
AIR  PERMEABILITY  TEST 


Monitoring 

Point 

(ftbgs) 

SE 

12 

SW 

12 

S 

5 

NW 

12 

N 

5 

NE 

12 

Elapsed  Time 

Pressure  Response,  inches  of  water. 

(minutes) 

i 

0.65 

1.8 

NS 

0.5 

NS 

NS 

2 

1 

NS 

1.2 

NS 

1.25 

NS 

3 

NS 

NS 

NS 

NS 

1.35 

0.9 

4 

1.15 

NS 

NS 

0.9 

NS 

NS 

5 

NS 

2.2 

1.4 

NS 

1.45 

NS 

6 

1.2 

NS 

NS 

NS 

NS 

1.2 

7 

NS 

NS 

NS 

1.1 

1.45 

NS 

8 

1.25 

2.2 

1.7 

NS 

NS 

NS 

9 

NS 

NS 

NS 

NS 

1.45 

0.9 

10 

NS 

NS 

NS 

1 

NS 

NS 

11 

1.3 

2.2 

1.7 

NS 

1.45 

NS 

14 

1.25 

NS 

NS 

1.1 

NS 

0.9 

15 

NS 

2 

1.5 

NS 

1.5 

NS 

20 

1.35 

2.3 

1.5 

1.1 

1.5 

0.9 

24 

1.35 

2.3 

1.5 

1.2 

1.5 

1 

30 

1.35 

2.35 

1.5 

1.2 

1.5 

NS 

38 

1.35 

NS 

NS 

NS 

1.45 

NS 

53 

NS 

2.3 

1.45 

1.1 

NS 

0.87 

58 

1.35 

2.2 

1.4 

1.1 

1.5 

0.9 

66 

NS 

2.35 

1.4 

1.2 

NS 

1 

72 

1.35 

2.3 

1.5 

1.2 

1.5 

1 

91 

1.35 

NS 

NS 

NS 

1.5 

NS 

118 

1.35 

2.35 

1.5 

1.2 

1.5 

1 

180 

1.35 

2.45 

1.55 

1.27 

1.45 

1.1 

212 

1.4 

2.45 

1.5 

1.21 

1.5 

1.1 

235 

1.5 

2.45 

1.5 

1.2 

1.55 

1.1 

365 

1.2 

2.2 

1.4 

0.97 

1.3 

1 

3103 

0.75 

1.95 

1.3 

1 

1.2 

0.95 

NS=Not  sampled. 


TABLE  4.4 
SITE  924 

INFLUENCE  OF  AIR  INJECTION  AT  VENT  WELL 
ON  MONITORING  POINT  OXYGEN  LEVELS 


Monitoring 

Point 

Distance  From 

Vent  Well  (ft) 

Depth 
(feet  bgs) 

Initial  02(%) 

Final  02(%) 

NE 

Approximately  15  to  25 

12 

13 

20.6 

N 

Approximately  15  to  25 

5 

11.7 

20.6 

NW 

Approximately  15  to  25 

12 

9.4 

20.6 

SE 

Approximately  15  to  25 

12 

0 

19.1 

S 

Approximately  15  to  25 

5 

0 

18.3 

SW 

Approximately  15  to  25 

12 

4.2 

20.7 
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4.4.4  In  Situ  Respiration  Rates 

The  results  of  in  situ  respiration  testing  at  Site  924  are  presented  in  Figures  4.3 
through  4.7.  Oxygen  loss  from  the  SW  Probe  occurred  at  a  steady  rate  of  0.001 
percent  per  minute  over  the  first  1000  minutes  of  the  test  (Figure  4.6).  In  contrast, 
oxygen  utilization  rates  at  the  SE  Probe,  the  South  Probe,  and  the  Vent  Well  ranged 
from  0.009  to  0.014  percent  per  minute  over  the  first  1000  minutes;  approximately 
one  order  of  magnitude  greater  than  the  oxygen  uptake  rate  at  the  SW  Probe. 
Hydrocarbon  concentrations  in  soil  gas  from  the  SE  Probe  and  the  South  Probe 
were  greater  than  10,000  ppm  in  June  18,  1992,  and  initial  oxygen  levels  were 
entirely  depleted.  Oxygen  in  the  vent  well  was  present  at  1.6  percent,  while  the 
sample  from  the  SW  probe  contained  4.0  percent  oxygen.  Due  to  the  low 
hydrocarbon  concentrations  in  the  SW  probe  soil  gas,  it  is  likely  that  the  oxygen  loss 
at  the  SW  Probe  is  due  primarily  to  difftision. 

During  the  initial  500  minutes,  helium  diffusion  at  the  SE  Probe  resulted  in  a 
fractional  loss  of  approximately  66%  of  the  initial  helium  concentration  (Figure  4.7). 
Due  to  the  greater  molecular  weight  of  oxygen,  helium  will  diffuse  approximately 
three  times  faster  than  oxygen.  Thus,  at  the  SE  Probe,  approximately  22  percent  of 
the  initial  oxygen  may  have  been  lost  due  to  diffusion  during  the  initial  500  minutes. 
Table  4.5  provides  a  summary  of  the  observed  and  corrected  oxygen  utilization  rates 
for  Site  924.  As  the  vent  well  and  all  six  vapor  probes  were  completed  in  the  same 
soil  backfill,  oxygen  diffusion  rates  at  all  probes  were  assumed  to  be  similar  to  the 
rate  estimated  for  the  SE  Probe. 

Based  on  the  average  of  the  diffusion-corrected  oxygen  utilization  rates  observed 
at  the  vent  well,  SE  Probe  and  South  Probe  during  the  initial  500  minutes,  an 
estimated  7.5  milligrams  of  fuel  per  kilogram  of  soil  can  be  degraded  each  day  on 
this  site.  This  estimate  is  based  on  an  average  air-filled  porosity  of  .15  liters  per 
kilogram  of  soil,  and  a  conservative  ratio  of  3.5  milligrams  of  oxygen  consumed  for 
every  1  milligram  of  fuel  degraded. 

At  the  vent  well  and  the  south  probe,  an  apparent  decrease  in  oxygen  utilization 
rates  was  observed  over  time  (Figures  4.4  and  4.5).  This  apparent  decrease  has 
been  observed  by  ES  at  other  fuel  spill  sites  where  contamination  levels  are 
variable.  Table  4.4  provides  initial  oxygen  levels  at  the  vent  well  and  monitoring 
points,  and  clearly  illustrates  this  variability. 

The  protocol  model  for  helium  and  oxygen  diffusion  assumes  that  each 
monitoring  point  is  surrounded  by  contaminated  soil  with  zero  oxygen  and  that  the 
gradient  of  oxygen  diffusion  is  always  outward  from  the  monitoring  point.  It  is 
apparent  that  at  Site  924,  clean,  oxygenated  soil  is  in  close  proximity  to  zones  of 
contaminated,  zero-oxygen  soil.  In  this  situation,  we  believe  that  the  oxygen 
diffusion  gradient  actually  reverses  over  time.  As  oxygen  is  rapidly  consumed  by 
fuel-degrading  bacteria,  the  inward  diffusion  of  oxygen  begins  from  clean  soils.  The 
effect  of  this  inward  diffusion  is  an  apparent  reduction  in  oxygen  utilization  rates 
over  time.  Because  fuel  biodegradation  generally  consumes  oxygen  at  a  rate  that 
exceeds  diffusion,  soil  gas  eventually  returns  to  zero  in  contaminated  soil. 
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Figure  4.4 
Respiration  Test 
\  924  -  South  Probe 
Hill  AFB,  Utah 


(minutes  x  1000) 


Figure  4.5 
Respiration  Test 
Site  924  -  Vent  Well 
Hill  AFB,  Utah 
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R.T.  Site  924  Vent  Well  Chart  9/17/92 


APPARENT  AND  CORRECTED  OXYGEN  UTILIZATION  RATES  (0-500  MINUTES) 
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4.5  Recommendations 

Initial  bioventing  tests  at  Site  924  indicate  that  oxygen  has  been  depleted  in  the 
contaminated  soils,  and  that  air  injection  is  an  effective  method  of  increasing 
aerobic  fuel  biodegradation.  AFCEE  has  recommended  that  air  injection  continue 
on  this  site  to  determine  the  long-term  radius  of  oxygen  influence  and  the  effect  of 
time,  available  nutrients,  and  changing  temperatures  on  fuel  biodegradation  rates. 

A  2.5-horsepower  regenerative  blower  has  been  installed  at  the  site  (Figure  4.1) 
to  continue  a  low  rate  of  air  injection.  In  December  1992,  ES  will  return  to  the  site 
to  sample  and  analyze  the  soil  gas  and  conduct  a  repeat  respiration  test.  In  July 
1993,  a  final  respiration  test  will  be  conducted  and  soil  and  soil  gas  samples  will  be 
collected  from  the  site  to  determine  the  degree  of  remediation  achieved  during  the 
first  year  of  treatment. 

Based  on  the  results  of  the  first  year  of  bioventing,  AFCEE  will  recommend  one 
of  three  options: 

1.  Continued  operation  of  the  bioventing  system  for  full-scale  remediation  of  the 
site.  AFCEE  can  assist  the  base  in  obtaining  regulatory  approval  for 
upgrading  and  continued  operation. 

2.  If  final  soil  sampling  indicates  significant  contaminant  removal  has  occurred, 
AFCEE  may  recommend  additional  sampling  to  confirm  that  cleanup  criteria 
have  been  achieved. 

3.  If  significant  difficulties  or  poor  results  are  encountered  during  bioventing  at 
this  site,  AFCEE  could  recommend  the  removal  of  the  blower  system  and 
proper  abandonment  of  the  horizontal  venting  pipe. 
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APPENDIX  A 


SOIL  BORING  LOGS,  WELL  AND  VAPOR  PROBE 


COMPLETION  DETAILS 


APPENDIX  A.1 


SOIL  BORING  LOGS,  WELL  AND 
VAPOR  PROBE  COMPLETION  DETAILS 
SITE  204.1 


(James  M.  Montgomery,  Inc.,  July  1992a) 


PROJECT  NO.  2208  0333 


ASPHALT  OR  CONCRETE  SURFACE  -  3" 


PROTECTIVE  WELL  HEAD  COVER 


CONCRETE  PAD  {ZxTxGT) 


CEMENT  GROUT 


1/4-  POLY  ETHYLENE  TUBE 


END  CAP 


r  PVC  WELL  SCREEN  V  LONG 
END  CAP - 


BENTONITE  SEAL 


SIZE  8/12  SILICA  SAND 


BENTONITE  SEAL 


SIZE  8/12  S1UCA  SAND 


r  PVC  WELL  SCREEN  1*  LONG 


NOTE:  THIS  DIAGRAM  IS  NOT  TO  SCALE 


James  M.  Montgomery 


GENERALIZED  SOIL  VAPOR  PROBE 
COMPLETION  DETAIL 


PROJECT  NO. 


HORIZONTAL  COORDINATES: 
286,1 66.96N  1,869,092.37E 
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DATE  STARTED:  5-4-92  DATE  COMPLETED  5-4-92 
GROUND  SURFACE  ELEVATION  (above  MSL):  4,780.13 


a  £ 

O  ° 
OLUjPd 
<  g  U{  < 

LITHOLOGIC  LOG  = 

O  o 
«  o 


Asphalt  to  3  inches,  fill  -  silty  sand,  oarx  grayish  brown  (10YR4/2),  gravel  to 
1  inch  in-diameier,  angular  to  subrounded,  medium  to  fine  sand,  angular  to 
subrounoed,  dense,  slightly  moist 

FHI  -  silty  sand,  dark  grayish  brown  (10YR4/2),  gravel  to  1/2  inch  in  diameter, 
angular  to  subrounded,  medium  to  fine  sand,  subanguiar  to  subrounded, 
medium  dense,  slightly  moist 


Silty  sand,  dark  yellowish  brown  (10YR4/4),  medium  to  fine  sand,  angular  io 
subrounded,  medium  dense,  moist 


As  above  2  inches. 


Silty  sandy  gravels,  dark  yellowish  brown  (10YR5/4),  gravel  to  1  inch  in 
diameter,  angular  to  subrounded,  medium  to  fine  sand,  angular  to 
subrounded,  moist. 


Silty  sand,  dark  yellowish  brown  (10YR4/4),  medium  to  fine  sand,  angular  to 
subrounded,  loose,  moist:  last  2  inches  black  hydrocarbon  staining  and  odor 
present 

As  above,  -2  inches  contained  hydrocarbon  stained  soils  and  strong 
hydrocarbon  odor. 

SB204A-01  Chemical  sample  9.0  to  9  JS  feet 
As  above,  -1  inch  of  hydrocarbon  staining. 


Poorly  graded  sand,  light  yellowish  brown  (10YR6/4),  medium,  subanguiar 
to  subrounded,  loose,  slightly  moist 


Clay  layer  3  inches,  strong  brown  (7.5YR5/6),  soft,  low  plasticity,  slightly 
moist 

Well  graded  sand  (10YR6/6),  fine,  angular  to  subrounded,  medium  dense, 
slightly  moist 


Well  graded  sandy  gravel,  yellowish  brown  (10YR5/4),  gravel  to  1  1/2 
inches  in  diameter,  subanguiar  to  subrounded,  medium  to  fine  sand, 
angular  to  subrounded,  medium  dense  to  dense,  slightly  moist 


SB204A-01  Chemical  sample  19.5  to  20.0  feet 


James  M.  Montgomery 


*SS  California  Spilt  Spoon  Sampler  (2.0*  I.O.) 
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HILL  AIR  FORCE  BASE 
SB204A-01 
(Soil  Vapor  Probe) 


PROJECT  NO. 


HORIZONTAL  COORDINATES: 
286,1 66.96N  1 ,869,092.37E 
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DATE  STARTED:  5-4-92  DATE  COMPLETED  5-4-92 
GROUND  SURFACE  ELEVATION  (above  MSL):  4,780.13 
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LITHOLOGIC  LOG  OF  CUTTINGS 


Poorly  graded  sand,  brownish  yellow  (10YR6/6),  medium  sand,  angular  to 
subrounded,  dense,  sugntty  moist:  has  hydrocarbon  odor. 

SB204A-01  Chemical  sample  20.0  to  20.5  feet 

As  above  with  trace  gravel  1/4  inch  in  diameter:  strong  hydrocarbon  odor. 


CL.  f-  S5 

<  ®  ui  < 

>o  Jh 
.  GC  O-  UJ 

O  n 


As  above,  gravelly  sand,  6  inches  increasing  gravel  to  1/2  inch  in  diameter, 
subangular  to  sudrounoed,  very  dense,  slightly  moist;  strong  hydrocarbon 
odor. 

Poorly  graded  gravelly  sand,  brownish  yellow  (10YR6/6),  gravel  to  1/4  Inch 
in  diameter,  medium  sand,  subangular  to  subrounded,  very  dense,  slightly 
moist;  strong  hydrocarbon  odor. 


As  above  (10YR5/4),  has  hydrocarbon  odor. 


Silty  sand,  with  increasing  silt  with  some  minor  hydrocarbon  gray  staining 
last  1/8  inch. 


Poorly  graded  sand,  yellowish  brown  (10YR5/4),  medium  sand,  subangular 
to  subrounded,  dense,  slightly  moist  still  has  hydrocarbon  odor. 


Poorly  graded  sand,  light  yellowish  brown  (10YR6/4),  fine  to  medium  sand, 
subangular  to  sudrounoed,  very  dense,  slightly  moist:  faint  hydrocarbon 
odor. 


As  above  exceot  medium  sand  only. 


Sandy  gravel,  light  yellowish  brown  (10YR6/4),  gravel  to  1/2  Inch  in 
diameter,  subrounded,  medium  sand,  subangular  to  subrounded,  very 
dense,  slightly  moist 


James  M.  Montgomery 


'SS  California  Split  Spoon  Sampler  (2.0*  I.O.) 
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HILL  AIR  FORCE  BASE 
SB204A-01 
(Soil  Vapor  Probe) 


PROJECT  NO. 


PROJECT  NO. 


HORIZONTAL  COORDINATES: 
286,1 62.40N  1,869,085.13E 
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DATE  STARTED:  5-6-92  DATE  COMPLETED  5-6-92 
GROUND  SURFACE  ELEVATION  (above  MSL):  4,780.22 

-  z 

o  2 

a  uj  p  -j 

<gC< 

LITHOLOGIC  LOG  ^  £  3  O 

O  o 
«  o 

Asphalt  to  3  inches,  fill  -  silty  sandy  gravel,  brownish  yellow  to  dark 
yellowish  brown  (10YR6/6-3/4),  gravel  to  1  inch  in  diameter,  angular  to 
subrounded,  medium  to  fine  sand,  dense,  slightly  moist;  slight  hydrocarbon  ‘^11^ 
odor.  '  W' 


TR  70  30  86  11 

15  SS 


Silty  sand,  dark  yellowish  brown  (10YR4/4),  trace  gravel  to  1/4  inch  in 
diameter,  medium  to  fine  sand,  medium  dense,  upper  6  inches  very  moist; 
black  charcoal  present 


70  30  297  4 

3  SS 

4 

70  30  293  9 

4  SS 


70  30  3797  3  SS 
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95  5  166  ~2 


;  ‘  1  * : "  Silty  sand,  brown  to  dark  brown  to  black  (1 0YR4/3-2/1 ).  medium  to  very  fine 

’  sand,  angular  to  subrounded,  loose,  moist;  visible  hydrocarbon  staining  and  H 

■  *  -  , , .  strong  hydrocarbon  odor.  0% 

,  SB204A-02  Chemical  sample  1 1.0  to  1 1 .5  feet  gl 

;  ‘  ‘ :  Silty  sand,  brown  to  dark  brown  to  Mack  (1 0  YR4/3-2/1 ),  medium  to  very  fine  fi 
,  •’  >, .  sand,  angular  to  subrounded,  loose,  moist;  upper  2  inches  black  pp 

•  :  •  hydrocarbon  staining,  lower  3  inches  brown  to  dark  brown.  ||§ 

■  :  "  As  above,  yellowish  brown  (10YR5/4),  hydrocarbon  staining  visible  14  inches.  S3 

IjSPp  Poorly  sorted  sand,  medium  sand,  lightyellowish  brown  (10YR6/4),  medium 
sand,  angular  to  suorounded,  loose,  slightly  moist 

Clay,  brown  to  dark  brown  (7.5YR4/4),  very  fine  sand,  low  plasticity,  medium  SSsfc 
S "  1 1  dense. 


95  5  16  7 
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5  SS 
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TR  95  5  0  5 
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60  35  5  12 
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§111]  As  above  (10YR6/4),  i  inch. 

1M.IW  J  'll1  1  . .  . . .  . 

pypfl  Silty  sand,  light  yellowish  brown  (10YR6/4),  medium  to  fine  sand,  angular  to 
— «■"  suorounded,  medium  dense,  slightly  moist;  hydrocarbon  odor,  1  inch  poorly 
graded  sandy  gravel  in  end  of  shoe. 

S8204A-02  Chemical  sample  1 8.5  to  19.0  feet 

Well  graced  sandy  gravel,  dark  yellowish  brown  (10YR4/4),  gravel  to  1  1/2 
inches  in  diameter,  subrounded,  coarse  to  fine  sand,  angular  to  subrounded, 
slightly  moist _ 


James  M.  Montgomery 


*SS  California  Split  Spoon  Sampler  (2.0*  ID.) 
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HILL  AIR  FORCE  BASE 
SB204A-02 
(Soil  Vapor  Probe) 


PROJECT  NO. 


HORIZONTAL  COORDINATES: 
286,1 62.40N  1,869,085.13E 
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DATE  STARTED:  5-6-92  DATE  COMPLETED  5-6-92 
GROUND  SURFACE  ELEVATION  (above  MSL):  4,780.22 
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LITHOLOGIC  LOG  OF  CUTTINGS  d  £  §  g 
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Wetl  graced  sanoy  gravel,  dark  yeliowisn  brown  (10YR4/4),  gravel  to  i  1/2 
inches  in  diameter,  subrounded,  coarse  to  fine  sand,  angular  to 
subrounded,  sbghtty  moisi.  SB204A-02  Chemical  sample  20.0  to  20.5  feet. 


Poorly  graded  sand,  yellowish  brown  (10YR5/4),  trace  gravel  to  1/4  Inch  in 
diameter,  angular  to  subrounded,  medium  sand,  angular  to  subrounded, 
medium  dense,  slightly  moist. 


Poorly  graded  sand,  yellowish  brown  (10YR4/4),  medium  sand,  angular  to 
subrounded,  medium  dense,  slightly  moist;  grading  into  interbedded  silty 
sand  and  sand,  dark  yeikwish  brown  (10YR6/4),  medium  to  fine  sand, 
angular  to  subrounded,  medium  dense,  slightly  moist 


Poorly  graded  sand,  light  yellowish  brown  (10YR6/4),  medium  sand, 
subanguiar  to  subrounded,  dense,  slightly  moist 


James  M.  Montgomery 


*SS  California  Split  Spoon  Sampler  (2.0*  1.0.) 
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HILL  AIR  FORCE  BASE 
SB204A-02 
(Soil  Vapor  Probe) 


HORIZONTAL  COORDINATES: 
286,1 62.40N  1,869, 085.1 3E 


DATE  STARTED:  5-6-92  DATE  COMPLETED  5-6-92 
GROUND  SURFACE  ELEVATION  (above  MSL):  4,780.22 
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Poorly  graded  sand,  light  yellowish  brown  (10YR6/4),  as  aoove  with  trace  of 
gravel  to  1/8  inch  in  diameter. 


Well  graded  sand,  pale  brawn  (10YR6/3),  trace  gravel,  medium  sand 
grading  to  fine  sand,  angular  to  subrounded,  medium  dense,  siighdy  moist 


As  above  with  iron  staining  present  in  sands  1/16  inch  thick. 


T.D.  51.5* 


James  M.  Montgomery 


*SS  California  Split  Spoon  Sampler  (2.0*  1.0.) 
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HILL  AIR  FORCE  BASE 
SB204A-02 
(Soil  Vapor  Probe) 


PROJECT  NO. 


HORIZONTAL  COORDINATES: 
286.1 55.1 ON  1, 869.090  J6E 

GRAM  SIZE 


DATE  STARTED:  5-7-92  DATE  COMPLETED  5-7-92 
GROUND  SURFACE  ELEVATION  (above  MSL):  4,780.30 
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LITHOLOGIC  LOG 


Asonalt  to  3  incnes.  fill  -  silty  sanoy  gravel,  dark  yellowish  brown  (10VR4/4), 
gravel  to  1/2  inch  in  aiameter,  subangular  to  subrounded.  medium  to  fine 
sand,  very  dense,  slightly  moist. 


i.L 

>l|§ 
^0.20 
O  o 
W  o 


Silty  sand,  dark  yellowish  brown  (10YR4/4),  gravel  to  1/2  inch  in  diameter, 
subrounded,  medium  dense,  slightly  moist;  charcoal  and  some  wood 
present 


Silty  sand,  dark  yellowish  brown  to  very  dark  brown  (10YR4/4-2/2),  medium 
to  fine  sand,  angular  to  subrounded,  medium  dense,  have  black  staining  in 
lower  half  of  the  spoon,  faint  hydrocarbon  odor  present 
SB204A-03  Chemical  sample  1 1 .0  to  1 1 5  feet 

Poorly  graded  sand,  dark  yellowish  brown  (10YR4/4),  medium,  angular  to 
subrounded,  medium  dense,  slightly  moist;  2  inches. 

Silty  sand,  dark  brown  (10YR3/3),  medium  to  fine  sand,  medium  dense, 
slightly  moist;  showed  some  hydrocarbon  staining,  faint  hydrocarbon  odor. 
Color  change  to  light  yeilowtsh  brown  (10YR6/4),  decreasing  fines. 

As  above  with  color  change  to  brownish  yellow  for  2  Inches  (10YR6/6). 
increasing  silt  with  depth.  _ _ 


Poorly  graded  sand,  pale  brown  (10YR6/3).  medium  sand,  subangular  to 
subrounded,  medium  dense,  slightly  moist. 

Color  change  to  light  yellowish  brown  (10YR6/4). 


T.D.  21.5' 


James  M.  Montgomery  *ss  split  spoon  sampler  (2.<r  to.) 
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SB204A-C3  Chemical  sample  20.0  to  20.5  feet 

Poorly  graded  sand,  yellowish  brown  (10YR5/4),  medium  sand,  angular  to 
subrounded,  dense,  slightly  moist 

Sandy  gravel,  light  yellowish  brown  (10YR6/4),  gravel  to  1  inch  In  diameter, 
subangular  to  subrounded,  medium  sand,  very  dense,  slightly  moist 
SB204A-03  Chemical  sample  21 .0  to  21 .5  feet. 


HILL  AIR  FORCE  BASE 
SB204A-03 
(Soil  Vapor  Probe) 


APPENDIX  A.2 


SOIL  BORING  LOGS,  WELL  AND 
VAPOR  PROBE  COMPLETION  DETAILS 
SITE  214.1 


(James  M.  Montgomery,  Inc.,  July  1992b) 


ASPHALT  OR  CONCRETE  SURFACE 


PROTECTIVE  WELL  HEAD  COVER 


-  o 


CONCRETE  PAD  f2*x2W) 


NOTE:  THIS  DIAGRAM  IS  NOT  TO  SCALE 


JWM  James  M.  Montgomery 


GENERALIZED  SOIL  VAPOR  PROBE 
COMPLETION  DETAIL 


i  HORIZONTAL  COORDINATES- 
I285.9S1.18N  1 .868.959.03E 
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James  M.  Montgomery 


°^TE  STARTED:1 1-5-91  OATE  COMPLETED  ii-S-Qi 
GROUND  SURFACE  ELEVATION  (above  MSL):  4779.30’ 


LITHOLOGIC  LOG 


Sliy  sano.  yeiiowisn  drawn  (1QYRS/8).  meoium  to  very  tin*  sans 
suoanguiar  to  suorounoea.  low  oosacity.  sort,  moist 
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No  recovery,  samoie  was  oiuggea  wim  a  stone. 


Top  4  mcnes  as  aocrve.  increasing  silt,  sana  is  (me  to  very  tine. 


As  aoove.  lower  9  tncnes  is  clayey  sand 

Clayey  sano.  oaie  orown  (10YR6/3L  fine  to  very  line  sano  sunanmjiar  m 
suorounoeo.  low  Diasoaty.  very  firm.  mast.  suoanguiar  to 


S8214A-03  Chemical  samoie  10.0  to  n  0  feet 


ft  ft  As  aoove’  grading  into  wee  sonea  sana.  last  i  men  of 


samoie.  coarse  to  fine. 


Poonv  sorted  sana.  ligm  yeeawisn  orown  (10YR6/4I  coarse  to  tin* 
tow  aasncity.  sort.  mast.  coarse  to  tine  sano. 
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SS  California  Soiit  Sooon  Samoier  (2.0*  I.D.) 
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HILL  AIR  FORCE  BASE 
SB214A-03 
(Vapor  Probes) 


HORIZONTAL  COORDINATES: 
285,962.1 1 N  1 .868.973.696 
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James  M.  Montgomery 


LITHOLOGIC  LOG 


SMI’Nl  Silty  sana.  yaiowisn  orown  MOYRS/6).  meatum  to  very  nne  sana 
suoanauiar  to  suorounaea.  iow  elasticity,  son.  moist 


As  aoove.  light  yetlowisn  orown  (10YR6M),  deceasing  silt 


Silty  sana.  tight  yeHowisn  orown  no YR6/4).  fine  to  very  fine  sana 

oaSTm^r^0'0""090' l0W  “asDC"y- firm' mo,sc  'antnyofwamon 


Clayey  sana.  ligntyeilowisn  orown  (10YR6/4).  tine  to  very  tine  sana 
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As  above  with  10%  coarse  gravel. 
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sana.  suoanguiar  to  suorounaea.  tow  elasticity,  son.  moist 

SB214A-02  Chemical  samoie  18.0  to  19.0  feet 
Increasing  gravel. 
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HILL  AIR  FORCE  BASE 
SB214A-02 
(Vapor  Probe) 


PROJECT  NO. 


«—  James  M.  Montgomery 


GENERALIZED  ABOVEGROUND 
AIR  INJECTION  WELL 
CONSTRUCTION  DETAIL 


PROJECT  NO. 


|  HORIZONTAL  COORDINATES: 
j285.931.21N  1.368.989.03E 


DATE  STARTED:!  1-1-91  DATE  COMPLETED  11-1-91 
GROUND  SURFACE  ELEVATION  (above  MS  LI:  4.782.16’ 
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Silly  sana.  veuowisn  Drawn  (10YR6/6).  meaium  to  nne  sana.  suoanguiar  10 
suprounoea.  low  oiasoary,  firm,  moist 


As  aoove.  naa  approximately  3  incnes  of  aarx  gray  sury  sana  aarx  gray 
(10YR4/1);  no  real  oaor,  tooxs  scainea. 


As  aoove.  naa  3  incnes  0:  aarx  gray  silty  sana,  aarx  gray  (1OYR4/1 ),  is 
meaium  to  very  nne  sane:  no  nyorocaroon  oaor.  iooxs  stainea.  nor  enouqn 
to  ao  neaa  soace. 


Slity  sana,  yellowish  brown  (10YR6/6),  meaium  to  fine  sana,  low  piasociry, 
firm,  sngnoy  moist:  snows  iron  oxiae  staining  not  in  oeaaing. 


As  above,  developed  fines  last  2  incnes  in  snoe,  weatnered.  naa  strong 
hyarocaroon  oaor. 


SB214A-01  Chemical  sample  1 1 .0  to  1 2.0  feet 


Poorly  sorted  sana,  pale  brown  (i  0YR6/3),  meaium  to  very  fine,  subangutar 
to  suorounaea,  low  plasticity,  soft:  last  4  incnes  brown  sand  (10YR5/3), 
coarse  to  medium  sana;  fainter  hyarocaroon  oaor. 


Gravelly  sand  (10YR5/3),  coarse  to  medium  sand,  subanguiar  to 
suorounaea,  low  plasticity,  soft,  moist:  still  has  hyarocaroon  oaor. 


As  above,  with  less  hydrocarbon  oaor. 
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HILL  AIR  FORCE  BASE 
SB214A-01 
(Injection  Well) 


HORIZONTAL  COORDINATES: 
285.931 .21 N  1.368.989.03E 

GRAM  SIZE  £ 

111  c. 

j  & 

>  Q  «  oS 

2  5  s  *£ 

O  tt  u. 

*  5«  * 


25  70  5  369 


95  5  329) 


80  20  4231 


80  20  419 


95  5  337 


95  5  160 


95  5  241 


0ATE  STARTED:!  1-1  -91  DATE  COMPLETED  11-1.91 
GROUND  SURFACE  ELEVATION  (above  MSU:  4,782.16* 


LITHOLOGIC  LOG 


Poony  sonea  gravelly  sane.  Drown  nOYRStt).  coarse  to  tine  sano. 
suoanouiar  to  suorounaeo.  low  Dtastiaty.  son.  moist:  no  cnernicai  samoe 
graooeo  oue  to  ooor  recovery,  sooon  oiuggeo  wnn  gravets  refusal. 


DrWed  to  2.5  feet  oue  to  refusal  on  last  sooon. 


Poortv  sorted  sana.  oate  drown  (10YR6/3).  coarse  to  meoium  sane, 
suoanguiar  to  suorounaeo,  low  oiasuary,  soft,  moist  strong  nyarocaroon 
ooor. 

Refusal  after  aooroximatety  8  inenes. 


Silty  sano.  Drown  (10YR5/41.  meoium  to  very  fine  sano. 
suoanouiar  to  suorounaeo.  low  otasnetty,  soft,  mast  strong 
hycrocaroon  ooor. 


Poonv  sorteo  sano.  pate  Drown  M0YR6/3),  coarse  to  tine,  suoangutar  to 
suorounaeo.  low  ptasnaty.  soft,  moist:  nyarocaroon  ooor. 


As  aoove  (10YR6/2),  with  thin  layers  of  silty  sand,  see  some  iron  oxide 
staining  i-2  mm  thick. 
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HORIZONTAL  COORDINATES 
285.931 .21 N  1.368.989.03E 
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^  y  y  g  g  I  ce  to  crt  ^ 


DATE  STARTED:1 1-1-91  DATE  COMPLETED  11-1-91 
GROUND  SURFACE  ELEVATION  (above  MSU:  4,782.16* 


LITHOLOGIC  LOG 


As  above  no YR6/2),  wrtn  min  layers  of  silty  sand  at  -0.5  incnes.  see 
some  iron  oxtae  staining  i-2  mm  mioc. 


SB214A-02  Chemical  samoie  44.0  to  45.0  feet 
Oriilers  overanned. 


As  above,  increasing  silt 


Silty  sand,  light  ywovnsn  Brown  (10YR6/4),  medium  to  fine  sand 
suoanguiar  to  suorounoed.  low  wasocity,  soil,  sngtmy  moist 


S8214A-02  Chemical  samoie  S7.0  to  S8.0  feet. 


T.D.  60.0* 


z  O 
9  jh- 

81*13 

15° 
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Poorty  sorted  sand,  light  yetlcwisn  Brown  ( 10YR6/4),  coarse  to  medium 
sano.  suoanguiar  to  suorounoed.  low  ptasnaty.  sort,  slightly  moisc  no  real 
hydrocaroon  ooor. 


James  M.  Montgomery 
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HILL  AIR  FORCE  BASE 
SB214A-01 
(Injection  Well) 


APPENDIX  A3 


SOIL  BORING  LOGS,  WELL  AND 
VAPOR  PROBE  COMPLETION  DETAILS 
SITE  228 


(James  M.  Montgomery,  Inc.,  July  1992c) 


PROJECT  NO. 


ASPHALT  OR  CONCRETE  SURFACE  -  3“ 


PROTECTIVE  WELL  HEAD  COVER 


.  CONCRETE  PAD  (2*x2W) 


CEMENT  GROUT  - 


1/4“  POLY  TUBE 


r  PVC  WELL  SCREEN  V  LONG 
END  CAP - 


BENTONITE  SEAL 


SIZE  18/12  S1UCA  SAND 


BENTONITE  SEAL 


’  SIZE  8/12  SILICA  SAND 


r  PVC  WELL  SCREEN  1*  LONG 


END  CAP 


NOTE:  THIS  DIAGRAM  IS  NOT  TO  SCALE 


James  M.  Montgomery 


GENERALIZED  SOIL  VAPOR  PROBE 
COMPLETION  DETAIL 


PROJECT  NO.  2208.0343 


HORIZONTAL  COORDINATES: 
?N  ?E 


DATE  STARTED:  3-1 8-92  DATE  COMPLETED  3-18-92 
GROUND  SURFACE  ELEVATION  (above  MSL): 


>  Q  <0  O  ^ 

I  5  %  £l 


o  ui  h$ 


a  a  5  a.  a.  x 

o  S  2" 


*  |  s*  |2  c  a  </)  5 


10  85  5  2.8  21 


20  75  5  4.7  20 


30  65  5  1.8 


30  65  5  52  22 


30  65  5  >1.000  13 


85  15  >1.000 
30  65  5  I  I 


75 1  25  I  22 


95  5  12  14 


95  5  22  a 


70  30  3.8  18 


95  5  3.4  16 


95  5  |  2.5  |  20 


40  1  55 1  5  5.4  63 


LITHOLOGIC  LOG 


Poony  graaea  sana  as  aoove  with  gravel  to  i/2  inert  in  diameter, 
suorounaea.  meaium  sana.  very  aense. 

T-228-1  -VW-92-HF  Chemical  samote  20.0  to  20.5  feet 


Well  graaea  sana.  tight  yetiawisn  Drawn  (1 0YR6/4),  gravel  to  1/2  inen  in 
diameter,  suorounaea.  coarse  to  fine  sana.  angular  to  suorounaea.  dense. 


As  aoove  wttn  gravel  to  1  1/2  inches  in  diameter,  medium  to  fine  sanas. 
anguiar  to  suorounaea.  medium  dense  to  aense.  slightly  m owl 


Clay,  orown  1 7.5YR5/4),  low  otasnaty,  moist  faint  rryarocamon  ooor  in  day. 


As  aoove  won  gravel  to  1/2  inch  in  diameter,  suorounaea.  meaium  to  fine 
sana.  angular  to  suorounded.  aense  to  very  aense.  morse  strong 
hyorocaroon  ooor  and  staining. 


Siity  sana.  oaie  orown  (i  0YR6/3),  fine  sana.  anguiar  to  suorounaea.  aense. 
moist  last  S  inches  has  strong  nydrocaroon  ooor  and  slight  staining. 


Well  graaea  sana  as  aoove  <  10YR6/4). 


Poorty  graced  sana.  light  gray  (10YR7/2),  fine  sand,  anguiar  to  suorounaea. 
medium  dense,  ary  to  slightly  moist. 


Clayey  sana.  aanc  grayish  orown  (10YR4/2),  very  fine  to  fine  sana,  very 
mast  faint  hyorocaroon  ooor.  weatnerea. 


Silty  sana.  aanc  yeHowwi  orown  <  1 0YR4/4),  medium  to  nne  sana,  anguiar  to 
suorounaea.  medium  dense,  moist. _ 


Poony  graaea  sana.  light  yeiiowisn  orown  (10YR6/4),  fine  sana.  angular  to 
suorounaea.  meaium  dense,  arv  to  slightly  mast 


uiar  wnn  increasing  silt. _ 


Poony  graaea  sana.  light  yetiawisn  orown  (10YR6/4),  fine  sana.  angular  to 
suorounaea.  dense,  slightly  moist 


§  O 

jit  jti 

2  o 

n  q 


T-228-1  -VW-92-HF  Chemical  samoie  34.0  to  34.5  feet. 


Siity  sana  layer  to  8  inenes,  tignt  yetiawisn  orown  ( 10YR6/4),  fine  sana. 
anguiar  to  suorounded.  dense,  most 


Poorly  graded  sand,  light  yeiiowysn  orown  (10YR6/4),  fine  sana.  angular 
to  suorounaea.  very  dense,  sugntry  moist. 


As  aoove  with  color  change  to  yeHowian  orown  (10YR5/4). 


Well  graaea  gravelly  sana.  (10YR8/4),  grave*  to  1/2  inch  in  diameter, 
suorounaea.  coarse  to  very  tine  sana,  suoangutar  to  suorounaea.  very 
dense,  slightly  moist 


James  M.  Montgomery  * c  CatUomlm  ^  Sooon  SanMr  I2-0'  ,  D-> 


HILL  AIR  FORCE  BASE 
T-228-1 -VP-U-92-HF 
(Soil  Vapor  Proba) 
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PROJECT  NO.  2208  0343 


HORIZONTAL  COORDINATES: 
?N  ?E 


DATE  STARTED:  3-1 8-92  DATE  COMPLETED  3-1 8-92 
GROUND  SURFACE  ELEVATION  (above  MSL): 
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40  55  5  8.6  12 


20  55  5  2.0  19 

35  C 


20  65  5 

95  5 


95|  5  2.4  18 
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5  0.9  14 
19 
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5  05  20 


LITHOLOGIC  LOG 


Well  graoea  gravelly  sana  (10YR5/4).  gravel  to  i  men  m  aiameter. 
suorounoea.  meaium  to  fine  sana.  angular  to  suorounoea,  very  aense, 
slightly  mocsL 


Sanav  aay.  pane  yetiowan  Drawn  M0YR4/6).  low  wasnaty,  very  soft,  motsL 


Well  graoea  graveiiy  sana  as  aoove  (10YR5/4),  witn  gravel  to  1/2  Inch  in 
diameter,  suorounoea.  meaium  to  fine  sana.  angular  to  suorounoea.  dense 
to  very  aense.  slignny  moist  some  iron  staimng  m  oeootng  1/8  Inch  mica. 


O 

dl"F=! 

>o-j? 

5  ISO 

CO  8 


Poorly  graoea  sana.  yeiiowisn  Drown  (10YR5/4),  fine  sana.  suoanguiar  to 
suorounoea.  very  aense.  siightfy  most  some  iron  staimng  present  to 
1/8  inch  thick. 

Silty  sana  fnteroeddeo  with  ooorty  graoea  sana.  yellowish  brown, 
suoanguiar  to  suorounoea.  aense.  moist 

Poorty  graoea  sana  as  aoove.  very  aense. 

Poorty  graoea  sand,  light  yellowish  brawn  M0YR6/4).  trace  of  gravel  to  1/4 
inch  in  diameter,  fine  sana.  angular  to  suorounoea.  aense,  sligndy  most 
abundant  iron  staining  in  beading  1/8  inch  thick. 


Silty  sand  mteroeooeo  with  ooorty  graded  sana.  yellowish  brown  (10YR5/4), 
fine  to  very  fine  sana.  angular  to  suorounoea,  aense.  moist 


JtM  James  M.  Montgomery  *  c  California  Split  Spoon  sampler  <2.0-  ID.) 
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HILL  AIR  FORCE  BASE 
T-228-1 -VP-U-92-HF 
(Soil  Vapor  Probe) 


NOTE:  THIS  DIAGRAM  IS  NOT  TO  SCALE 


JC2  James  M.  Montgomery 


GENERALIZED  FLUSH  MOUNT 
AIR  INJECTION  WELL 
CONSTRUCTION  DETAIL 


PROJECT  NO.  22°80343 


HORIZONTAL  COORDINATES. 
?N  ?E 


?  2  1s.  i  I- 

si  *  5  > 

>  A  M  Q  g  S  I  1, 

J  ?  S  £§  i 

a  »  C  55  o 


DATE  STARTED:  5-1  M2  DATE  COMPLETED  5-1  M2 
_GgOUNDSURFACE  ELEVATION  (abow  MSLk 


o  I  iii  m 

i  i 

Pis  IS  “ 
n 


LITHOLOGIC  LOG 


501  3SI  IS  I  OS  I  7 


751  25|  OS  |  4 


Slty  tana.  oantyaNoman  grown  <i0YR4/6).meaiuniio  vary  masano 

anguar  e  suorounoaa.  moaun  oanta.  moat 


75  25  0.4  |5 


TR  95)  5  |  OS  IT 


Slim  aana.  yawwitft  brown  (10YR5/4),  maoium  e  Ana  sand.  angular  to 
(uoraunoao.  ttooa.  moot  tUy  lanaaa  praaarawim  Iron  saining. 


vwjgiadaa  sand,  AgmyadOMMi  brown  (10YR6/4),  noa  graval  to  1/2  inch 
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HILL  AIR  FORCE  BASE 
T-228-2-VW-U-92-HF 
(Vapor  Well) 


PROJECT  NO.  ifgg  gjjj 


r  HORIZONTAL  COORDINATES: 
?N  ?E 


DATE  STARTED:  5-1 9-92  DATE  COMPLETED  5-19-92 
GROUND  SURFACE  ELEVATION  (above  MSU: 


GRAIN  SIZE 


It" 

"  '  *  I  6  . 

I  2  a  g!  ®  a  a|  s 

5  I  i  IS  |  s  !|  |g 

*  *  *  ate  a  5  31  S3 


IliWI 


Siicy  sana.  ugm  yatowisn  orown  (10YR6/4),  medium  to  nne  sana.  angutv 
.to  suorounaed.  maaium  aensa.  slightly  moat. 


Poonv  graoaa  sana.  pal*  orown  M0YRIV3),  gravet  to  i  inen  in  aiamecer. 
suorounaed,  nne  sana.  angutar  to  suotounoed.  maaium  aansa.  sugnoy 
mast 

T-225-2-8H-92-HF  Chemw  samota  20.0  to  20.5  teac 


Watt  graded  sand.  tight  yettowon  brown  (10YR8/4),  trace  groat  to  1/4  men 
in  diamanr.  suorounoad.  madRjm  to  vary  Ana  sana.  angular  e  suorounaed. 
maonjm  oansa.  saghoy  mowc  snows  iron  staining  mtaroaodad  iMincn 

STICK. 


Sandy  cay,  cam  yettowtsn  own  (iQYR4/4>,  tin#  to  vary  tma,  maaium 
-  aansa.  sagmty  mow:  smaa  aaar  sand  stnngar*  m  cay  1/4  men  thic*.  iron 
staining  present  strong  nyorocamon  odors,  stammg  to  (lOYRSt  )f  gray  m 
bottom  of  the  snoa. 

T-22S-2-8H-92-HF  Chemtea  Samoa  ZTS  to  28.0  teat 
.As  aoove  (10YR4/4). 


watt  sartad  sand,  itghtyeeowisn  awn  <10YR®4).  traca  groat  u  1/4 
inen  m  dtamaiar.  ooaro  o  Ana  sano.  angular  to  sudroundao.  vary 
dansa.  stigmiy  mast,  hyarocaroon  000 r  and  stamina. 


Gayny  sand.  Oman  to  dam  orown  (1QYR4/3),  Ana  to  vary  Ana  sand,  vary 
\  dansa.  masc  strong  nydreearoow  poor  and  minor  staining. 


Pooriy  graoaa  sana.  ugntystiowisn  own  (10YR8J4),  nna  sana.  angutv  10 
sutirounoad.  vary  dansa.  sfcgnay  motet  strong  hydnocaroon  ooor  in  top  a 
inenaa  of  sooon  ucaaang  mm  damn. 


Wait  graoaa  groat,  iignt  yettowtsn  own  (ioyrb/4).  g mm  to  1/2  inen  in 
dtamatar.  suorounoad.  ooaraa  to  Ana  sana.  angutar  to  suoraunoad.  vary 
dansa.  sightly  mow. 

T-228-1-8H42-HF  Chemical  samota  32.0  to  3Z5  teat. 
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APPENDIX  B 

BLOWER  OPERATION  AND  MAINTENANCE  CHECKLIST 


AM-12 


SYSTEM  MAINTENANCE 


1  BLOWER/MOTOR  MAINTENANCE 

The  blower  and  motor  are  relatively  maintenance  free.  There  is  no  lubrication 
required  because  the  blower  and  motor  have  sealed  bearings.  To  avoid  passing 
solids  through  the  blower,  an  air  filter  has  been  installed  inline  before  the  blower.  If 
a  blower  system  is  in  need  of  repair,  please  contact  John  Ratz  at  (303)  831-8100. 

2  FILTER  MAINTENANCE 

To  avoid  damage  caused  by  passing  solids  through  the  blower  an  air  filter  has 
been  installed  inline  before  the  blower.  By  design,  Gast  regenerative  blowers  are 
able  to  ingest  small  quantities  of  particles  without  damage.  However,  continuous 
ingestion  of  solids  will  damage  or  imbalance  the  impellers.  The  inline  air  filter  will 
prevent  solids  from  entering  the  blower  and  is  rated  at  99  percent  efficiency  to  10 
microns. 

The  filter  element  is  a  polyester  cloth  and  is  cleanable  and  replaceable.  The 
filter  should  be  checked  weekly  for  the  first  two  months  of  operation.  The  air  filter 
should  be  cleaned  or  replaced  when  the  pressure  difference  across  the  filter  reaches 
15  to  20  inches  of  water.  It  will  be  up  to  Hill  AFB  to  determine  the  best  schedule 
for  filter  cleaning  and/or  replacement  depending  on  the  results  of  the  initial 
observations. 

The  filter  can  be  checked  after  turning  off  the  blower  system.  To  remove  the 
filter,  loosen  the  clamps,  lift  the  metal  top  off  the  air  filter,  and  lift  the  air  filter  from 
the  metal  housing.  When  replacing  the  filter,  be  careful  that  the  rubber  seals 
remain  in  place.  The  filter  is  manufactured  by  Solberg  Manufacturing,  Inc.  in 
Itasca,  Illinois.  Their  phone  number  is  (708)  773-1363.  The  filters  can  also  be 
obtained  through  Fluid  Technology,  Inc.  in  Denver,  Colorado.  The  contacts  there 
are  Mr.  Bob  Cook  and  Mir.  Greg  Sparks  and  they  can  be  reached  at  (303)  233-7400. 
It  is  recommended  that  Hill  AFB  keep  at  least  two  spare  air  filters  at  the  site. 

3  BLOWER  PERFORMANCE  MONITORING 

To  monitor  the  blower  performance,  vacuum,  pressure,  and  temperature  will  be 
measured.  These  data  will  be  recorded  on  the  data  collection  sheets  provided.  All 
measurements  will  be  taken  at  the  same  time  while  the  system  is  running. 


A7-4-1 


-1- 


3.1  Pressure/Vacuum 

Open  the  shed  roof  and  record  the  pressure  and  vacuum  readings  directly  from 
the  gauges  in  inches  of  water.  Record  the  measurements  on  the  data  collection 
sheet  provided. 

32  Temperature 

Open  the  shed  roof  and  record  the  temperature  readings  directly  from  the  gauges 
in  degrees  Fahrenheit  Record  the  measurements  on  the  data  collection  sheet 
provided. 

33  Offgas  Monitoring 

On  the  extraction  system  at  Site  214.1,  a  sampling  port  has  been  placed  in  the 
exhaust  piping  so  that  the  offgas  constituents  may  be  monitored.  The  frequency  of 
off-gas  sampling  may  be  dictated  by  the  air  permit 

To  collect  a  sample,  open  the  shed  roof  and  attach  an  evacuated  5-liter  Tedlar 
bag  to  the  exhaust  sampling  port  Open  the  port  valve  and  allow  the  Tedlar  bag  to 
fill.  Gose  the  Tedlar  bag  valve  and  the  sampling  port 

Note:  Because  of  die  altitude  differences  sample  bags  should  be  only  2/3  full  when 
shipped.  Full  bags  will  explode  or  be  more  likely  to  develop  leaks. 

4  MONITORING  SCHEDULE 

The  following  monitoring  schedule  is  recommended  for  this  system.  During  the 
initial  months  of  operation,  more  frequent  monitoring  is  recommended  to  ensure 
that  any  start  up  problems  are  quickly  corrected.  Data  collection  sheets  have  been 
provided  to  assist  your  data  collection. 


Monitoring  Item  MomlQringJEr_Q.qyign.cy 

Blower  Vacuum  and  temperature  Weekly  for  the  first  2  months  of  operation. 

Hill  AFB  personnel  may  optimize  the 
schedule  depending  on  the  results  of  initial 
observations. 

Offgas  Monitoring  As  dictated  by  the  air  permit. 
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BLOWER  EXTRACTION  SYSTEM  DATA  COLLECTION  SHEET 


a/  Gauge  is  located  between  the  well  and  the  air  filter, 
b/  Gauge  is  located  between  the  air  filter  and  the  blower  unit. 
cf  Gauge  is  located  on  the  blower  outlet  piping. 


BLOWER  INJECTION  SYSTEM  DATA  COLLECTION  SHEET 


